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THE “OVER-ALL” FIELD OF NUTRITION RESEARCH 


The field of nutrition deals with the main- 
tenance and improvement of health through 
dietary means. It is, therefore, concerned 
with protein, vitamins, and other specific 
nutrients required for physiologic needs. 
But these needs must be translated into 
available and suitable Thus, the 
field of nutrition must also deal with food 
supplies—their production, processing, and 
distribution, as well as their nutritive value 
and home use. 

These facts have been emphasized by our 
experience in the war emergency. We have 
learned that if the nutritionist assesses food 
needs merely in terms of physiologic require- 
ments for nutrients, while the agricultural 
economist plans our food supply merely on 
the basis of tons per acre and of production 
costs, a big gap is left, and neither adequate 
nutrition nor the effective use of food re- 
sources can be expected. An integrated 
program which will aim to dovetail food 
supplies with human needs is called for. 
To make such a program most effective we 
require far more knowledge than we have 
today. Thus, an enlarged over-all pattern 
is here visualized for future research. 

Certainly we must have much 
knowledge of physiologic needs, for they are 
the essential basis of both diet and food 
planning. The tremendous advances which 
have recently been made in the field of vita- 


foods. 


more 


mins also serve to reveal the large gaps in 
our knowledge as related to hezuch on the 
one hand and to dietetics on the other. 
Whether the present recommended allow- 
ance of riboflavin is about right or 50 per 
cent too high or too low has a large bearing 
Further knowledge here 
is in turn dependent upon more precise 
measures of requirements and upon further 


on food planning. 


clarification of the significance of certain 
symptoms of deficiency, such as corneal 
vascularization. Where there are differ- 
ences of opinion among experts further study 
is generally called for. It is apparent that 
for a long time to come new discoveries in 
the field of vitamins will in turn pose new 
physiologic problems for medical scientists 
to answer. 

But other physiologic aspects of nutrition 
must not be neglected. There is much less 
drama surrounding calories than vitamins, 
vet first of all calorie needs must be met. 
We know much more about the utilization 
of calories by farm animals than by man. 
DuBois (Nutrition Reviews 1, 385 (1943) 
has aptly discussed one seriously neglected 
aspect of this general field. Several of the 
thirteen mineral elements which, according 
to animal experiments at least, are needed 
in the diet, have received far less attention 
than they may deserve. It is generally 
assumed that, since body needs are apparent- 
ly small and since the minerals in question 
are never absent from the diet, their supply is 
This has been 
proved an unjustifiable assumption in feed- 
ing farm animals. 


of no practical significance. 


There are several reasons 
why the case should not be considered closed 
for man. It would seem that some of the 
most important nutrition contributions of 
the future should come from the searching 
out of problems in fields that have been 
neglected in favor of more alluring ones. 

studies, involving all the 
related sciences, are clearly the essential 


Physiologic 


basis for advancing our knowledge of nutri- 
tion. These findings must also provide the 
basis for planning equally important studies 
on the food supply. They should serve to 


emphasize, for example, that nutritional 
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quality should be given adequate considera- 
tion in food production. 

The early vitamin discoveries gave a large 
impetus to the production of ‘protective 
foods.” Yields of vegetables and fruits were 
stepped up through breeding and selection 
and improved cultural practices. Seed was 
bred and selected for drought resistance, 
heat or cold resistance, and market quality. 
But practically no attention was given to the 
most important attribute, nutritional qual- 
ity. Recent studies have shown that genet- 
ic, soil, and climatic factors all influence the 
nutritive value of food crops. Here lies an 
important and promising field of study for 
improving nutrition. Obviously it calls for 
the application of as fundamental and as 
varied scientific knowledge and skills as does 
the field of nutrition requirements wherein lie 
the ultimate objectives. 

The goal of nutritional quality must be 
kept in mind in all the processes which food 
undergoes from the farm to the table, for 
here again market quality and palatability 
are not enough. The war emergency has 
given great impetus to research on food pro- 
cessing in the factory and in the home, with 
respect to the retention of nutrients. But 
much remains to be learned. Particularly, 
the developments in the processing of army 
and Lend-Lease foods require further study 
and testing for peacetime use. The greater 
conservation of the nutrients of our food 
supply as produced would go far in providing 
a cheaper and better diet. 

In all research dealing with food supply, 
it is clear that the economic aspects cannot 
be neglected. Since malnutrition is most 
prevalent among low income groups, cheaper 
as well as more nutritious foods are called 
for. This means all possible economies in 
production and distribution. But broader 
aspects are involved, for it should also mean 
a consideration of the economics of land 
utilization and animal production and of the 
various industrial operations dealing with 
food. Food planning must take account of 
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these considerations as well as of physio- 
logic needs. Mistakes of the past two years 
have demonstrated this clearly. 

In the development of new products better 
to meet physiologic requirements, food 
habits and consumer needs and preferences 
as to forms and kinds of food must be taken 
fully into account. This aspect cannot be 
neglected in any over-all nutrition program. 
The proper place of synthetic vitamins in 
the food economy of the future must be 
examined dispassionately with a considera- 
tion of all the factors involved. 

Both the physiologic and the economic 
aspects of the nutrition field call for further 
studies of the interrelationships between 
animal and human nutrition. On the 
physiologic side, everyone is familiar with 
the services of the rat and dog. Cows, 
chickens, and hogs, also, have made im- 
portant contributions to nutritional physi- 
ology, revealing how further studies with 
these species may help solve human prob- 
lems. How animals are fed affects the value 
of their products used for human food. 
Both man and animals draw, to a large ex- 
tent, on the same basic food supply. Ani- 
mals concentrate the nutrients of food crops 
into more palatable and generally more 
digestible human foods, but they waste the 
basic food supply in the process. Different 
animal feeding operations vary in the 
amount of wastage involved as well as with 
respect to the nutritive value of the human 
food produced. These and related consider- 
ations become of especial significance when 
the food supply is short in relation to the 
number of people to be fed. 

Certainly no jurisdiction should be claimed 
in the name of nutrition over the broad 
field represented by the problems here 
cited. But nutrition has a real interest in 
all of these problems, in promoting and 
assisting in their study and in seeing that 
nutrition goals are kept in mind. Some of 
them are so interrelated that they should be 
studied together, rather than piecemeal. 


lv jon! 
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Coordinated attacks by men with varied 
training and interests are called for. A 
wider recognition as to how these diverse 
problems are related to the advancement of 
nutrition should make the individual worker 
more effective in his specific area, as well as 


serving to promote the integrated research 
called for in the over-all field. 
L. A. MayNarp, 
Professor of Animal Nutrition, 
Cornell University, 
Ithaca, New York. 


VITAMIN Bc, “FOLIC ACID”, AND XANTHOPTERIN 


In 1940 Hogan and Parrott (J. Biol. 
Chem. 132, 507 (1940)) described a macro- 
cytic hypochromic anemia that occurred in 
chicks fed purified diets. Extracts of liver 
cured the anemia and stimulated the growth 
of the deficient chicks. The active factor 
appeared to be distinct from known members 
of the B-complex and was designated 
vitamin Be. Other workers (Stokstad and 
Manning, J. Biol. Chem. 125, 687 (1938); 
Hegsted, Oleson, Elvehjem, and Hart, Jbid. 
133, xli (1940)) had also demonstrated the 
essentiality of unknown growth factors in 
yeast and liver for the chick, but anemia had 
not been observed. Further studies on the 
growth factor (Hutchings et al., J. Biol. 
Chem. 140, 681 (1941)) revealed its marked 
similarity in properties to the “eluate fac- 
tor” required by Lactobacillus casei (Snell 
and Peterson, J. Bact. 39, 273 (1940)). 
Highly purified preparations of this bacte- 
rial growth factor were found to be active for 
the chick. After the development of more 
highly purified rations for the study of this 
growth factor (Mills, Briggs, Elvehjem, and 
Hart, Proc. Soc. Exp. Biol. Med. 49, 186 
(1942)) it was found that anemia also oc- 
curred in the deficient birds and that this 
could also be prevented by concentrates of 
the “eluate factor.” This led the authors 
to suggest the identity of the “eluate 
factor” for L. casei, the chick growth factor 
in liver extracts, and the antianemia factor 
of Hogan, vitamin Be. 

Shortly after the paper by Snell and Peter- 
son on the “eluate factor” for L. casei was 
published, Mitchell, Snell, and Williams 


(J. Am. Chem. Soc. 63, 2284 (1941)) demon- 
strated the requirement of Streptococcus 
lactis for a similar factor and prepared 
potent concentrates. They proposed the 
name “folic acid” for this material, although 
isolation had not been accomplished. The 
similarity of the ‘‘eluate factor’’ and ‘‘folic 
acid” (Hutchings, Bohonos, and Peterson, 
J. Biol. Chem. 141, 521 (1941)) led to the 
rather general belief that they were identical. 
In fact, the term “folic acid’? has been in- 
discriminately used by many investigators 
as a convenient term for unidentified bio- 
logically active materials in liver, yeast, 
grass, and crude concentrates. This seems 
unfortunate especially since the term ‘“‘folic 
acid” implies a chemical entity, and recent 
evidence indicates that even fairly concen- 
trated preparations may be multiple in 
nature. The confusion in this field is 
reminiscent of other experiences in vitamin 
terminology. 

The isolation of crystalline materials with 
folic acid activity (activity for either L. 
casei or 8. lactis) has been reported from 
three laboratories (Pfiffner et al., Science 
97, 404 (1943); Keresztesy, Rickes, and 
Stokes, Ibid. 97, 465 (1943); Stokstad, //. 
Biol. Chem. 149, 573 (1943)). The material 
isolated by Pfiffner and co-workers is highly 
active for L. casei and of special interest in 
that it is the chick antianemia factor, vita- 
min Be. Daily doses of 2.5 micrograms per 
day produced rapid cures in deficient birds. 
At the time of this report the authors sug- 
gested the identity of vitamin Be, Peterson’s 
eluate factor, and Williams’ folic acid. 
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Shortly thereafter, however, Keresztesy and 
co-workers reported the isolation of a growth 
factor which effectively replaced folic acid 
concentrates for S. lactis but which was 
practically without activity toward L. 
casei. These authors believe that this 
factor is not folic acid or the eluate factor but 
do not qualify this statement. Certainly 
this factor would be measured by micro- 
biologic assays of crude materials for folic 
acid. Two distinct materials with folic acid 
activity have been isolated by Stokstad. 
The first, from liver, is thought to be iden- 
tical with the material obtained by Pfiffner 
et al.; the second, from yeast, appears to be 
distinct from any of the previously men- 
tioned compounds in that it is relatively 
more active toward L. casei than 8. lactis. 
A footnote in a paper by Daft and Sebrell 
(Pub. Health Reports 58, 1542 (1943)) 
suggests the isolation by Stokstad and co- 
workers of still another compound with 
folic acid activity. 

Assuming the purity of the materials 
mentioned, it appears that there are at least 
three and possibly more compounds occur- 
ring in natural materials with folic acid 
activity. Briggs, Luckey, Elvehjem, and 
Hart (J. Biol. Chem. 148, 163 (1943)) state 
that the activity of various liver fractions 
in promoting growth and feathering in 
chicks cannot be correlated with folie acid 
activity as measured by S. lactis. This sug- 
gests that the unidentified nutritional re- 
quirement of the chick is multiple in nature, 
although Campbell, Brown, and Emmett 
(J. Biol. Chem. 162, 483 (1944)) have shown 
that various manifestations of vitamin Be 
deficiency in the chick respond differently to 
graded amounts of the crystalline material. 
Thus growth (body weight and feathering) 
was partially affected by 20 micrograms and 
completely maintained by 100 micrograms 
of vitamin Be per 100 g. ration, while com- 
plete protection against the macrocytic 
hypochromic anemia required but 40 micro- 
grams, and against leucopenia, as much as 
400 micrograms. 
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The role of folic acid concentrates in over- 
coming the toxicity of sulfaguanidine and 
succinylsulfathiazole when fed to rats has 
already been discussed (Nutrition Reviews 1, 
341 (1948)). Of special interest, therefore, 
is the report of Daft and Sebrell concerning 
the activity of crystalline ‘folic acid” prep- 
arations in correcting the leukopenia and 
granulocytopenia in rats fed these drugs. 
Three preparations from two different 
sources were tested and proved to be active 
when fed at levels of approximately 5 to 20 
micrograms per day over four day periods. 
Of 9 animals which developed anemia, 7 
improved with folic acid therapy. This 
interesting report suggests the specificity of 
“folic acid” in overcoming these blood 
dyscrasias. It remains to be seen, however, 
whether folic acid is actually required by the 
rat under these conditions, or whether its 
effect is simply to stimulate bacterial growth 
in the intestine of the animal receiving these 
sulfa drugs. 

It had been previously reported by Totter 
and Day (J. Biol. Chem. 147, 257 (1943)) 
that xanthopterin, the fish antianemia fac- 
tor, was partially effective in alleviating 
nutritional cytopenia in the monkey and 
was capable of replacing folic acid in the rat 
fed succinylsulfathiazole. Negative results 
were obtained with xanthopterin by Daft 
and Sebrell, by Axelrod, Gross, Bosse, and 
Swingle (J. Biol. Chem. 148, 721 (1943)), 
and by Wright and Welch (Science 98, 
179 (1943)). The latter authors, however, 
reported the interesting observation that the 
incubation of rat liver with urine resulted in 
a synthesis of folic acid as measured by L. 
casei. Xanthopterin was tested and found 
to cause significant increases in folic acid 
activity although it has no folic acid activity 
previous to incubation. It thus appears 
that xanthopterin is intimately associated 
with folic acid metabolism and may be a 
precursor of it. The distribution of xanthop- 
terin was found by Totter and associates 
(J. Biol. Chem. 152, 147 (1944)) to be dif- 
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ferent from folic acid in a number of materi- 
als assayed. Wright and Welch suggest 
that the disagreement between their results 
and those of Totter and Day might be due 
to the age of animals and the duration of 
feeding; that possibly the conversion of 
xanthopterin to folic acid may require the 
presence of a second factor which might be 
limiting under certain conditions. This 
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reasoning is suggestive of the relation of the 
extrinsic and intrinsic factors required for 
the formation of the antipernicious anemia 
factor. 

All of these reports suggest a fundamental 
role for “folic acid”’ or xanthopterin in blood 
formation. Whether these factors are of 
importance in human hematopoiesis remains 
to be determined. 


NUTRITIONAL REQUIREMENTS OF TRYPANOSOMA AND OTHER PROTOZOA 


Doyle (Biol. Rev. 18, 119 (1943)) has 
prepared a survey of the available informa- 
tion about the nutrition of protozoa. The 
section dealing with the nutritional require- 
ments of parasitic protozoa is of particular 
importance in medicine, since intelligent 
application of knowledge concerning the 
nutrition of host and parasite promises to 
lead to a new basis for chemotherapy. 

Nutritionally, the trypanosomes fall into 
two main groups: (1) those which can be 
maintained on peptone media and (2) those 
which require in addition blood or certain 
growth substances which are found in 
blood. Lwoff (Compt. rend. soc. biol. 107, 
1428 (1931)) has found that hematin or 
peroxidase, which is a heme-containing 
enzyme, can replace blood as a growth 
factor for most of the members of the second 
group. Thus in the development of para- 
sitism there may be a loss of the ability to 
synthesize an integral part of an enzyme 
system, the heme system. This phenomenon 
is an example of biochemical parasitism. 
Doyle emphasizes, however, that there is no 
correlation between the ability of the tryp- 
anosome to synthesize hemoglobin and the 
bloodsucking habits of its host. For exam- 
ple, Leptomonas pyrrochoris, a parasite of 
the vegetarian Hemiptera, is incapable of 
synthesizing hemin and requires the addi- 
tion of blood when cultivated on peptone 
medium, whereas Strigomonas culicidarum 
which is found in the stomach of omnivorous 
larvae of Culex pipiens, does not require the 


addition of blood when cultured on a 
peptone medium. On the other hand, 
Strigomonas culicidarum var. anophelis, 
which is found in the stomach of adult 
bloodsucking Anopheles quadrimaculata, is 
incapable of synthesizing hemin. 

Lwoff (Arch. f. Protistenk. 90, 194 (1937- 
38)) has tried to substitute serum alone and 
washed red cells alone for whole blood, and 
has found that certain trypanosomes would 
not grow unless both components were 
added. Further experiments in the sub- 
stitution of various compounds for blood 
have shown that although the combinations 
of serum + hemin or serum + l-ascorbic 
acid, or hemin + l-ascorbic acid added to the 
peptone medium in the culture of certain 
trypanosomes (Schizotrypanum cruzi, Leish- 
mania spp.) failed to support growth, the 
combination of serum + hemin + ascorbic 
gave rise to growth. Thus a number of 
parasitic protozoa appear to need ascorbic 
acid. Interestingly enough, some organ- 
isms are able to utilize a number of analogues 
such as isoascorbice acid, d-glucoascorbic 
acid, reductone, d-gluco-heptoascorbic acid, 
and reductinic acid in place of ascorbic acid 
(Cailleau, Compt. rend. soc. biol. 131, 964 
(1939)). These findings are in sharp con- 
trast to observations made on higher ani- 
mals where ascorbic acid analogues are 
poisonous even when given with ascorbic 
acid. Woolley and Krampitz (J. Exp. Med. 
78, 333 (1943)) have found, for example, that 

















2 me re os 
x - 


134 NUTRITION 


feeding glucoascorbic acid to mice and cotton 
rats fed a purified diet causes the appearance 
of a complex of symptoms almost identical 
with those of scurvy. 

Concerning the requirements of thiamin 
for the growth of trypanosomes, Lwoff 
(Compt. rend. soc. biol. 128, 241 (1938)) has 
found that most trypanosomes require 
thiamin and that the pyrimidine + thiazole 
parts do not replace thiamin as a growth 
factor. 

The nutrition of parasitic protozoa is a 
problem of great practical interest in medi- 
cine. Trypanosoma gambiense and T. rho- 
desiense are human parasites causing two 
types of sleeping sickness (chronic and acute 
types) in tropical Africa. The hemoflagel- 
lates of the group Leishmania cause two 
types of disease: visceral leishmaniasis or 
kala azar, a generalized infection, and 
cutaneous leishmaniasis, a localized infec- 
tion. The malaria parasites, Plasmodium 
falciparum causing malignant tertian ma- 
laria, and P. malariae causing quartan 
malaria, belong also to the group of parasitic 
protozoa. 

It is hardly necessary to stress what great 
importance further information about the 
nutritional requirements of the malaria 
parasites would have for the successful 
treatment of malaria, a disease which 
according to Osler is the greatest single 
destroyer of the human race. 

The importance of the host’s nutrition 
and diet for the occurrence of parasites and 
the course of parasitic infections is also 
emphasized in a review by Hoare (Biol. Rev. 
18, 137 (1943)). According to Becker 
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(“Protozoa in Biological Research,” ed. by 
Calkins and Summers, p. 818, New York 
(1941)), the development of coccidia in rats 
is inhibited by certain vitamins in the food. 
Feeding rats infected with trichomonad 
flagellates, a carnivorous diet, causes a 
marked diminution in the number of these 
flagellates. Hoare also suggests that a 
difference in the diet may be responsible for 
the relative host restriction observed in 
parasites. As an interesting example he 
quotes the studies of Dogiel and Gnesdiloff 
(‘‘Parasites, Transmetteurs, Animaux Véni- 
meux,” Rec. Trav. dédié au 25me anniv. 
Prof. E. Pavlovsky, p. 377, Moscow (1935), 
in Russian, with German résumé). These 
two investigators describe an _ intestinal 
parasite, Balantidium coli, occurring chiefly 
in domestic pigs, to which it is harmless, 
and occasionally in man, to whom it may 
be pathogenic. Since this parasite feeds 
mainly on a starch diet, it thrives best in 
the intestine of the pig. In the human 
bowel, conditions are not very favorable 
to the existence of the parasite, probably 
owing to the scarcity of starch. The two 
Russian investigators advance the hypoth- 
esis that insufficiency of suitable food in the 
human bowel induces the parasite to attack 
its walls, with the result that the patho- 
logic symptoms of human balantidiosis are 
produced. 

Our knowledge regarding the mechanism 
or adaptation of parasites to the environ- 
mental conditions in the host is still limited, 
but the studies of the nutritional require- 
ments of parasitic protozoa will undoubtedly 
further elucidate this important problem. 


NECROTIZING ARTERITIS IN DOGS 


Acute necrotizing arterial lesions affecting 
principally the large arteries have been 
described in association with renal insuffi- 
ciency by Winternitz, Mylon, Waters, and 
Katzenstein (Yale J. Biol. Med. 12, 623 
(1940)), and by Winternitz and Katzen- 


stein (Ibid. 18, 15 (1940)). Holman (Am. 
J. Path. 17, 359 (1941)) has also observed 
such lesions in association with renal insuffi- 
ciency, but he now presents evidence that 
there is a dietary factor in their development 
as well (Am. J. Path. 19, 977 (1943)). 
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Holman’s experiments were carried out 
in healthy adult mongrel dogs. Dogs 
receiving the ‘control’ diet were fed the 
“kennel ration,”’ the major portion of which 
consisted of cooked table scraps selected 
from refuse from the university cafeteria. 
At other times this ration consisted chiefly 
of uncooked bones with adherent fat and 
meat; occasional feedings of Purina dog 
chow were given. 

Other dogs received a “standard diet” 
which was essentially a low protein diet with 
7 per cent of its caloric value derived from 
protein, 50 per cent from carbohydrate, and 
43 per cent from fat. Liver was the main 
source of protein as well as of the B-vitamins. 

Renal insufficiency was produced in the 
animals by (1) injection of uranium nitrate 
into the subcutaneous tissues; (2) injection 
of mercuric chloride into the external jugular 
vein; or (3) bilateral nephrectomy. In 
certain animals hypoproteinemia was pro- 
duced by plasmapheresis; hyperproteinemia 
was induced by repeated intravenous in- 
jections of homologous citrated plasma; in a 
few dogs trisodium citrate was injected 
instead of homologous plasma. 

The data reveal a striking difference in the 
incidence of arterial lesions in the two groups 
of dogs. Of 97 dogs which consumed the 
regular kennel ration only 5 (5.2 per cent) 
developed arterial lesions following injec- 
tion of uranium nitrate or mercuric chloride. 
In contrast to this group, typical arterial 
lesions were found in 22 of 33 dogs (67 per 
cent) fed the “‘standard”’ diet for four weeks 
or longer before a comparable degree of 
renal injury was produced. Scrutiny of the 
data revealed that the duration of mainte- 
nance on the standard diet before renal 
insufficiency was produced was important, 
the incidence of lesions being much higher 
in the animals receiving this diet the longer 
time. It is of interest that injections of 
citrated plasma obtained from healthy 
donor dogs seemed to accelerate or augment 
the production of the arterial lesions whereas 
citrate injections alone seemed to protect 


REVIEWS 135 
the animals against lethal doses of uranium 
nitrate. 

The earliest type of arterial lesion con- 
sisted of edema and swelling of the inter- 
cellular tissue of the large elastic arteries 
(ascending aorta, pulmonary artery, endo- 
cardium of the left auricle) usually near the 
internal elastic membrane. This was fol- 
lowed by outpouring of fibrin, red blood 
cells, and leucocytes. The lesion at first 
remained confined beneath intact endo- 
thelium until it had attained considerable 
size. At that point it often broke through 
the endothelial covering and a thrombus 
was formed. In the advanced lesions, the 
elastic framework was fragmented and par- 
tially lysed. 

In Holman’s animals three types of 
lesions were observed in addition to the 
arterial lesions. These were (1) stomatitis, 
which in a number of instances became very 
severe; (2) gastroenteritis, associated with 
diarrhea during the last few days of life; 
and (3) pancreatic fat necrosis. It is curious 
that these lesions appeared to be independ- 
ent of the diet. They occurred, moreover, 
as frequently when bilateral nephrectomy 
was the method for the production of renal 
insufficiency as following the injection of 
uranium nitrate or mercuric chloride and 
thus could not be attributed to metallic 
poisoning. 

As impressive as is the difference between 
the incidence of necrotizing arteritis in dogs 
fed the kennel diet as compared with those 
receiving the standard low protein diet, one 
hopes the observations will be repeated 
under conditions in which the diet will be 
controlled very carefully. Obviously the 
kennel diet outlined above can hardly be 
called a “control diet” for its composition 
seemed to be haphazard. On the other 
hand, even though the standard diet was 
definitely low in protein, one does not know 
to what extent it was defective nutritionally 
in other respects. Is the significant differ- 
ence between the two diets one of protein 
content or of vitamin composition? 











oe errr ne - = - 
2 : « te. 


136 NUTRITION REVIEWS [May 


DIET IN REPRODUCTION AND LACTATION 


The need for additional nutritional re- 
quirements during pregnancy has received 
considerable attention in these days of re- 
stricted diets. The serious consequences of 
an inadequate diet during pregnancy and 
lactation both in human beings and in 
experimental animals has been pointed out 
(Nutrition Reviews 1, 386 (1943)). In all 
countries where a rationing system functions 
additional allowances are made for pregnant 
and lactating women. 

Experimentally, in animals, a high mor- 
tality in offspring is often a consequence of 
an inadequate diet. Whether this relation- 
ship obtains for human beings is difficult to 
prove, since poor sanitary conditions are so 
often part of the picture. In all probability, 
however, the influence of nutrition on human 
infant mortality is great. Richards (Brit. 
Med. J. 2, 418 (1943)) has reported some 
long-term breeding experiments with rats 
which were fed a poor human diet with and 
without supplements. The basal diet fed 
the rats was made up on the basis of a diet 
consumed by Scottish families spending up 
to 7 shillings per person per week. This 
diet contained milk equivalent to 3 pints 
per person per week. All the various foods 
consumed were proportionately mixed to 
make up this basal rat diet. The basal 
diet was supplemented in the different ex- 
periments with milk, calcium, thiamin, or 
yeast, or with various combinations of these. 

Female rats were placed on the various 
diets from time of weaning, then mated at 
one hundred days and carried through three 
successive matings. Animals not producing 
three litters within six months were rejected 
and all larger litters were reduced to 8 on the 
day after birth. 

The milk supplemented rat litters showed 
an average increase in weight of 40 to 44 g. 
over the controls. The females, in addition, 
increased their own weight considerably in 
spite of bearing heavier litters. There was 
a higher number of young born alive in the 


milk supplemented groups as well as a higher 
proportion of litters of 8 reared. Thus the 
number of young per litter born alive was 
raised from 6.9 to 8.8 by the addition of 
milk, and the proportion of litters of 8 reared 
was raised from 1 in 6 to7in 15. The addi- 
tion of milk to the diets supplemented with 
calcium and yeast showed chiefly an 
increased weight of the young at weaning 
and a greater weight of the females after 
lactation. 

The addition of calcium alone to the basal 
diet resulted in an increase in the number of 
live young per litter, and the proportion of 
litters of 8 reared, comparable to that of the 
milk fed groups. The weaning weights of 
the young rats, however, were not as good 
as with the latter groups. 

Supplementation of the basal diet with 
thiamin alone was of doubtful value. While 
there was an increase in the number of live 
per litter and in the proportion of litters of 
8 reared, the percentage of stillborn was 
actually higher and the average weight of 
young and of the females after lactation was 
less than on the basal ration. The poor 
condition of the females was striking and 
the author feels that caution must be exer- 
cised in the addition of thiamin to a poor 
diet. Supplementation with thiamin plus 
milk proved to be no better than with milk 
alone. The addition of calcium plus thiamin 
reduced the percentage of stillborn and 
increased both the weaning weights of the 
young and the weights of the females after 
lactation. 

A considerable improvement over the 
controls resulted with groups fed calcium 
plus yeast. The number of live young per 
litter was increased from 6.9 to 9.8, the 
proportion of litters of 8 reared raised from 
1 in 6 to 5 in 6, and in addition there was an 
increase in litter weight of 58 g. The addi- 
tion of milk to the calcium plus yeast supple- 
mented diet provided further improvement 
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to the point where the breeding performance 
was on a par with that of stock animals. 
Thus the addition of calcium, yeast, and 
milk appeared to correct entirely the defi- 
ciencies of the basal diet. Deaths of the 
young during the suckling period were 
markedly reduced with addition of sup- 
plements. 

The results of these experiments reveal 
the importance of diet in pregnancy and 
lactation. They are suggestive also of the 
important role diet may play in the problem 
of human infant mortality. The successful 
improvement of a human diet when fed to 
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rats by the addition of calcium, milk, and 
dried yeast indicates the relative feasibility 
of improving the diet for human beings. 
The author emphasizes that this poor 
diet is not that of the poorest classes, but 
rather is representative of the large masses 
of the Scottish population. According to 
the author, the striking decrease in infant 
mortality in Scotland, England, and Wales 
during the war years may possibly be re- 
lated simply to the general improvement in 
the diet of pregnant and nursing women 
through the milk priority scheme and the 
introduction of national wheat meal bread. 


EFFECTS OF DISEASE ON VITAMIN A METABOLISM 


Will improvement in food supply mean 
that the problems of malnutrition will dis- 
appear? Not entirely, according to Spector, 
McKhann, and Meserve (Am. J. Dis. Child. 
66, 376 (1943)), since at least in children 
various forms of chronic infection appear 
to be the most important etiologic factors 
in the failure to gain weight (McKhann, 
Clinies 2, 274 (1943)). Only 10 per cent of 
1000 infants admitted to the hospital with 
the chief complaint of failure to gain weight 
could be considered to have been fed badly. 
Current hospital methods of infant feeding 
were found to be little more effective in 
overcoming the malnutrition than were the 
efforts of the family physician. In many of 
these infants the disease processes them- 
selves were often so obscure that the history 
did not indicate their presence, and failure 
to gain weight was the only prominent 
symptom. The most frequently encoun- 
tered causes of failure to gain were chronic 
pulmonary disease and chronic infection 
of the upper respiratory tract with postnasal 
discharge. Other common causes were in- 
fection of the urinary tract; congenital 
malformations, especially cardiovascular, 
gastrointestinal, and renal; and gastro- 
intestinal disease, including such states as 
the celiac syndrome. These findings led 


McKhann and co-workers to study the 
effects of disease on nutrition. 

One might expect malnutrition as an 
effect of disease to develop (1) in the pres- 
ence of anorexia, vomiting, or diarrhea; (2) 
by interference with digestion as the result 
of lessened gastric acidity, decreased secre- 
tion of bile salts, or decreased secretion of 
enzymes; (3) by interference with absorption 
of nutrients; (4) by interference with utiliza- 
tion of the nutrients; (5) by augmented 
nutritional requirements due to increased 
metabolism and increased rate of utilization; 
and (6) by increased rate of loss from the 
body. 

That these are not purely theoretical 
considerations is suggested by the fact that 
achlorhydria has been observed in such in- 
fectious diseases as typhoid, malaria, and 
pulmonary tuberculosis, and following such 
infections as influenza, pneumonia, or en- 
teritis. A decrease of pancreatic enzymes 
has been observed in patients with diarrheas. 
In general, however, the knowledge of the 
effects of disease on alimentary functions is 
meager. Since the vitamin A content of the 
plasma can be measured readily, Spector and 
co-workers undertook to study and review 
the effects of disease processes on the absorp- 
tion and utilization of this vitamin. 
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According to the observation of Drum- 
mond, Bell, and Palmer (Brit. Med. J. 1, 
1208 (1935)), vitamin A passes into the lymph 
after linkage with fatty acids in the intes- 
tinal wall. It has been thought that the 
type of fat or oil ingested in a normal human 
being has some effect on the absorption of 
vitamin A. Without doubt bile is also 
important for its absorption. It is sig- 
nificant that as early as the middle of the 
nineteenth century keratomalacia was noted 
to be associated not only with poor diets, 
but with certain disease states, such as 
jaundice. Vitamin A deficiency has been 
reported in infants dying of congenital 
atresia of the bile ducts (Altschule, Arch. 
Path. 20, 845 (1935)). Breese and McCoord 
(J. Pediatrics 16, 139 (1940)) have shown 
that in patients with catarrhal jaundice 
vitamin A is absorbed poorly and improve- 
ment in absorption parallels the improve- 
ment in the disease. 

In cystic fibrosis of the pancreas, vitamin 
A is poorly absorbed and this is also true 
in the celiac syndrome. Nothing is known 
concerning the manner in which a chronic 
infection like otitis media, without evidence 
of pathologic changes in the gastrointestinal 
tract, can produce the picture of celiac 
disease. Nevertheless it is known that the 
defective motility of the intestinal tract and 
the defective absorption of fats and carbo- 
hydrates, which characterize this syndrome, 
do arise in association with such disturbances 
as chronic infection of the lungs, ears, or 
urinary tract, as well as in dysentery and 
tuberculosis. 

It has been assumed by some that vitamin 
A deficiency is primarily responsible for 
occurrence of the infection. In the opinion 
of Clausen (J. Am. Med. Assn. 101, 1384 
(1933)) the fall of the plasma carotenoids 
as a rule does not precede infection, but 
rather results from it. He concluded that 
this lowering might be due to (1) a more 
rapid utilization of vitamin A in fever, (2) 
its slower absorption, and (3) a poor appe- 
tite. He showed that in patients with 


scarlet fever the carotenoids fell despite the 
daily administration of carotene. It was 
only after the seventh day that plasma 
carotene began to rise. That the failure of 
plasma carotenoids to increase represented 
primarily a failure of absorption rather than 
tissue utilization was suggested by the 
similarity in the rates of carotene decrease 
in the plasma of children in the first week of 
scarlet fever and in normal children. 

Spector and co-workers present data which 
indicate that infections, even though not 
associated with fever or with gastrointestinal 
symptoms, may cause a decrease in the abil- 
ity of the patient to absorb vitamin A, as 
measured by the blood level four hours after 
the ingestion of a test dose. They found 
the vitamin A content of the plasma four 
hours after the ingestion of a test dose to 
range from 9.8 to 46.3 micrograms per 100 ml. 
in patients with chronic infection as com- 
pared with 95 to 429 micrograms per 100 ml. 
in control subjects. Studying the subject in 
another way, Heymann (Am. J. Dis. Child. 
51, 273 (1936)), by measuring the fecal output 
of an ingested amount of carotene in oil, 
showed that absorption was reduced to 35 
per cent in infants with pneumonia, grip, 
or sepsis, as compared with 70 per cent in 
healthy infants. In view of these observa- 
tions it appears possible that the celiac 
syndrome may represent an advanced effect 
of a disease process on the intestinal tract 
which produces difficulty in absorption not 
only of vitamin A, but of fats as well. 

In normal human beings there seems to be 
no urinary excretion of vitamin A, but in 
certain pathologic states this vitamin may 
be excreted in the urine (Lawrie, Moore, and 
Rajagopal (Biochem. J. 35, 825 (1941)). 
The pathologic state which was most often 
accompanied by abnormal excretion was 
pneumonia. Empyema, asthma, and chronic 
nephritis were other diseases in which uri- 
nary excretion of vitamin A was found. 

There is also some evidence that vitamin 
A storage is impaired in the presence of 
infection (Ellison and Moore, Biochem. J. 
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31, 165 (1937)). Diseases such as alcohol- 
ism and cirrhosis, which tend to produce 
pathologic changes in the liver, affect its 
ability to store vitamin A (Ralli, Papper, 
Paley, and Bauman, Arch. Int. Med. 68, 102 
(1941)). 

It is noteworthy, however, that despite 
this demonstrable influence of disease on the 
absorption and utilization of vitamin A, 
the net effect on the vitamin A status is not, 
in most instances, sufficient to produce any 
serious deficiency. Spector and co-workers 
express the opinion that if the infection or 
underlying cause for lack of absorption and 
utilization is removed, there is no need for 
increased intake of vitamin A. Clausen (J. 
Am. Med. Assn. 111, 144 (1938)) and others 
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have shown for example that the administra- 
tion of vitamin A has no effect on the course 
of the infection except in the rare instances 
in which infection is superimposed on an 
already existing severe vitamin A deficiency 
state. 

Studies such as these should be applied 
to conditions other than infection and to 
additional food factors. It is recognized 
that in the presence of chronic disease, 
wasting is a characteristic feature. This is 
more evident with certain types of disease 
than with others. Deficiency of protein 
and of various B-vitamins occurs as well as 
of vitamin A. Studies of the mechanisms of 
these effects should extend our knowledge of 
nutrition greatly. 


THE OCULAR CRITERIA OF RIBOFLAVIN DEFICIENCY 


The status of corneal vascularization as an 
early and pathognomonic sign in human 
ariboflavinosis has been previously reviewed 
(Nutrition Reviews 1, 194, 327 (1943)). 
This sign has been variously evaluated by 
different clinical investigators to the point 
where its importance has been both empha- 
sized and denied. To some extent this 
confusion has been due to a failure on the 
part of many investigators correctly to 
evaluate corneal vascularization. Such 
terms as “circumcorneal injection” and 
“ciliary congestion” have been used in a 
way that suggests they are synonymous, or 
that they represent stages in the process of 
corneal vascularization. Gregory (Brit. 
Med. J. 2, 134 (1943)) has presented an 
excellent summary of the normal blood 
supply of the limbus, the ocular appearances 
in riboflavin deficiency, and other causes of 
corneal vascularization. He points out, in 
detail, that since the ocular changes in early 
riboflavin deficiency are concerned with the 
vascular supply of the limbus, observers 
must have an exact knowledge of the normal 
blood supply and arrangement of the vessels 
at the limbus. The observer should also 


have an accurate idea as to what changes he 
may expect to find in riboflavin deficiency. 
The chief sign, according to this author, is 
a superficial invasion of the cornea by very 
fine capillaries arising from the apices of the 
marginal loops. Superficial and interstitial 
opacities develop at various stages, but are 
definitely later in .ccurrence than the initial 
vascularization. In more advanced cases 
the vessels penetrate to a greater depth into 
the substantia propria. Other conditions 
in which corneal vascularization may occur 
are the following: interstitial keratitis, 
vitamin A deficiency, tryptophane defi- 
ciency, injury of the corneal epithelium by 
chemical irritants, diseases causing pannus, 
such as trachoma, phlyctenular keratitis, 
pannus degenerativus, and also any superfi- 
cial keratitis. 

Out of 1059 presumably normal individ- 
uals examined by Gregory for ocular signs 
of riboflavin deficiency, 31 showed corneal 
vascularization compatible with ariboflavi- 
nosis, and of these, only 14 showed evidence 
of injection or even fullness of the limbic 


plexus. The greatest incidence of peri- 
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corneal injection occurred in the age group 
50 to 59 vears, and Gregory suggests that 
this may be a normal finding, since this age 
group rarely has the clear white limbus 
normally found in youth. An interesting 
observation reported by Gregory is that 
large doses of nicotinic acid (200 mg.) result 
in a marked circumcorneal injection. The 
effect lasts as long as two hours. Of the 31 
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cases of corneal vascularization only 8 were 
found to have other signs associated with 
ariboflavinosis, such as cheilosis and glossitis. 
Gregory’s findings emphasize again that 
corneal vascularization is not necessarily a 
characteristic sign of ariboflavinosis and one 
cannot make a diagnosis of riboflavin defi- 
ciency on the basis of this single finding in 
the absence of other signs. 


THIAMIN REQUIREMENT IN MAN 


The proper assessment of the adequacy 
of a given diet with respect to the various 
nutritive factors necessarily depends on the 
status of our knowledge of minimum and 
optimum needs of the body. Age, weight, 
sex, physical environment, working condi- 
tions, and states of disease or injury may all 
affect the body requirements, thus compli- 
cating the task of the nutritionist of making 
quantitative as well as qualitative recom- 
mendations in planning a_ physiologically 
adequate diet. The recognition that many 
of the less severe ailments may be related 
to minor deficiencies in one or more essential 
food factors also serves to emphasize the 
size as well as the importance of the task 
facing the student of nutrition. In the past, 
one of the most important barriers to the 
practical definition of human requirements 
for various nutrients was the lack of well 
established mild deficiency characteristics 
which could be adequately and quanti- 
tatively evaluated. Without doubting the 
reality of symptoms often described as 
accompanying mild deficiency, such as 
lassitude, irritability, and headache, it is 
evident that much more objective criteria 
must be utilized in the determination of the 
thiamin requirement. Today the knowl- 
edge of and the ability to measure some of 
the minor deficiency symptoms provide a 
needed basis for reexamining the question 
of what constitutes an adequate diet. 

Investigators at the University of Minne- 
sota (Keys, Henschel, Mickelsen, and Brozek, 


J. Nutrition 26, 399 (1943)) have applied 
such technics in a study of the effect of 
various levels of thiamin intake on the 
functional capacity and efficiency of normal 
young men. Choosing weakness, fatigue, 
neuromuscular incoordinations, and dis- 
turbances of carbohydrate metabolism as 
symptoms of thiamin deficiency which could 
be assessed by controlled laboratory experi- 
ments, the authors applied a variety of 
tests and analyses to subjects whose daily 
thiamin intakes were variously estimated to 
be 0.63, 0.53, 0.33, and 0.23 mg. per 1000 
total calories of an otherwise adequate diet. 

The men were studied over a ten to twelve 
week period for each series of experiments. 
The dietary intake and urinary excretion 
of thiamin were determined daily. Once 
a week blood samples were drawn while the 
subject was in the basal postabsorptive 
state; every two weeks additional blood 
samples were obtained at various intervals 
after walking, running, and ingestion of 
glucose. The blood was analyzed for lac- 
tate, pyruvate, blood sugar, hemoglobin, and 
acetone bodies. 

At various stages of a weekly exercise 
period, each subject was tested for his ability 
to perform tasks of psychomotor function 
including (1) manual speed and coordina- 
tion, (2) motor control, and (3) velocity of 
small hand movements. The first of two 
exercise tests was designed to measure 
ability to do moderately prolonged work, 
and consisted of walking a motor driven 
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treadmill at a rate of 3.85 miles per hour 
and at a 12 per cent rate of climb for sixty 
to ninety minutes. Following a ten minute 
recovery period, the second exercise test 
was started. This involved two minutes of 
running at 7 miles per hour at a 10 per cent 
rate of climb. The heart rate was recorded 
during work and during much of the re- 
covery period. 

At the start and at the end of the restricted 
thiamin periods, roentgenograms of the 
heart and electrocardiograms were made on 
each subject. In addition, a thiamin satu- 
ration test was made at the conclusion of the 
experiment. 

In only one of the criteria studied as a 
means of evaluating the effect of thiamin 
restriction on the men was there any sig- 
nificant difference between subjects on the 
various levels of dietary thiamin. Subjec- 
tive reports and general observation of the 
men were without any trend, and no sig- 
nificant changes occurred in the electro- 
cardiograms or heart size measurements. 
The same was true with respect to heart 
rates at rest, during work, and in recovery. 
The blood levels of hemoglobin and of the 
various metabolites used to study possible 
disturbances in carbohydrate metabolism 
were unaffected by the dietary level of 
thiamin. The slight changes in the psycho- 
motor test performances were due appar- 
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ently to the effects of training rather than 
diet. 

Only in the case of urinary excretion of 
thiamin was there any indication of thiamin 
deficiency. When the dietary thiamin was 
at a level of 0.23 to 0.33 mg. per 1000 cal- 
ories, 7 to 10 per cent of the vitamin was 
excreted. Similar results were obtained 
from thiamin saturation tests. These values 
on urinary thiamin fall in the range often 
considered as indicating thiamin deficiency. 
This, however, may relate back to the fairly 
general opinion that a diet containing 0.23 
mg. of thiamin per 1000 calories is definitely 
deficient. 

The data reported by Keys and co-workers 
admittedly do not settle the question of the 
thiamin requirement of man. The number 
of subjects in the various series was neces- 
sarily limited, and the period of study was 
not sufficiently long to warrant drawing 
conclusions on the effect of extensive and 
continued dietary thiamin. 
The fact that none of the many qualitative 
and quantitative analyses and tests applied 
to the subjects gave indication of any 
noticeable benefit from an intake of more 
than 0.23 mg. thiamin per 1000 calories does, 
however, emphasize the limitations of pres- 


restriction of 


ent knowledge concerning the minimum 
daily thiamin requirement of man. 


PRESERVATION OF FOOD 


The problems of food preservation, in 
the view of Barcroft (Nutrition Abstr. Rev. 
13, 1 (1943)), must be considered in terms 
of “time” and “space.” To overcome lim- 
itations in time the length of the period in 
which food will keep in a satisfactory condi- 
tion must be increased. As an aid in 
overcoming limitations in space food must 
be preserved and packed in such a way as 
to make the least possible demands in bulk 
and tonnage. 

Ideally, the preservation of food would 


permit it to be kept indefinitely. Next to 
“indefinitely,” the most important period of 
time is a year. The production of most 
articles of diet, even eggs and milk and her- 
ring, is seasonal, while consumption tends 
to take place at a uniform rate. Preserva- 
tion of food from one peak of production to 
the next is of obvious advantage. 

The distances separating the consumer 
from the places where food is produced were 
increased by industrialization and _ this 
situation has been greatly aggravated by the 
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war. The destruction of enemy transporta- 
tion facilities as a primary object of military 
strategy will add to the difficulties of food 
distribution in the postwar period, while the 
devastation of large agricultural areas will 
increase transportation needs. In consid- 
ering the preservation of food the limita- 
tions of distribution facilities must be taken 
into account. 

Major methods of preserving foods for a 
vear or longer are refrigeration, canning, 
and drying. Refrigeration is usually re- 
garded as a short-term procedure but this is 
not altogether true. As an extreme case 
Barcroft mentions that sole was kept at the 
Torry Research Station at Aberdeen at 
— 30°C. for four years and at the end of this 
period was indistinguishable from fresh 
sole—but distinguishable from sole as or- 
dinarily served by reason of its apparent 
freshness. 

Differing problems are encountered in the 
refrigeration of different types of foods. 
Deterioration of fatty tissue, due either to 
oxidation or to microbial decomposition, 
produces an unpleasant flavor and can be 
prevented only to a limited degree by chil- 
ling. At —10°C., however, microbial action 
ceases and at lower temperatures oxidation 
becomes extremely slow. For this reason 
meat, poultry, fish, butter, and cream are 
being stored in some American refrigerating 
plants at temperatures as low as — 18°C. 
The efficacy of refrigerating fats depends 
not only on the temperature but also on the 
nature of the fat. Beef and mutton keep 
longer than pork and bacon, which in turn 
keep better than rabbit. Food proteins 
are frequently associated with considerable 
amounts of water and such foods as eggs 
may be changed a greal deal in appearance 
and flavor by freezing and thawing. There 
is no reason to believe, however, that this 
affects the nutritive value. The most 
important problem is that of prevention of 
putrefaction and for meats this depends 
on the conditions under which the animal 
was killed and dressed as well as on the 


adequacy of the refrigeration. In regard 
to vegetables the preservation of the vita- 
min content is a matter of importance. The 
majority of investigations have dealt with 
vitamin C. In many instances the retention 
of the vitamin depends directly on the 
degree of refrigeration down to freezing 
although with certain materials, such as 
fruit juices, too low a temperature is not 
desirable. Actual freezing may lead to 
vitamin destruction by breaking up the 
cells of the foodstuffs and releasing oxidative 
enzymes. 

One of the outstanding virtues of canned 
food is the length of time it will keep. Cans 
of different kinds of meats and vegetables 
from the Parry expedition (1824) were 
opened after nearly one hundred years and 
the contents found to be in excellent con- 
dition. Veal fat was analyzed and was 
found still to contain vitamin D in a concen- 
tration only slightly less than that found in 
similar fresh material. From the available 
evidence vitamins A and D appear to be 
well preserved in canned foods. Losses of 
vitamin C during processing are variable. 
By use of modern procedures there is little 
destruction in acid fruits but two thirds of 
the vitamins present in some types of 
legumes may be destroyed. Losses during 
storage are less serious. Considerable 
thiamin is likely to be destroyed, particu- 
larly by heat and when the material is 
alkaline. 

The third method of preservation, drying, 
is far from a new process. Drummond and 
Macara (‘Historic Tinned Foods.”’ Jnter- 
national Tin Research and Development Coun- 
cil Publication no. 85, 35 (1939)) described a 
cake of portable soup originating about 1771. 
They reported that it appeared to be a 
desiccated clear broth made from meat and 
bones and that it did not appear to have 
undergone any marked changes during one 
hundred sixty odd years. Considerable 
evidence has been accumulated that various 
dried foods can be kept in good condition 
over a period of a year. Spray dried milk, 
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if protected from oxygen to prevent 
rancidity, should after more than a year taste 
as good as fresh pasteurized milk. It may 
be protected from oxygen by packing under 
nitrogen or by compressing the powder into 
a solid block. Barcroft cites tests made on 
spray dried milk kept under nitrogen at 
higher than normal temperatures for sixteen 
months. All of the riboflavin, vitamin A, 
and carotene were shown to have been 
retained. Ten per cent of the thiamin was 
lost in drying and about 20 per cent in 
storage. The greatest loss was in vitamin C, 
20 per cent in drying and about 25 per cent 
in storage. Many other foods may now be 
dried and stored in such a manner that when 
reconstituted they are palatable and at- 
tractive and retain a large share of their 
original nutritive value. Also, some promis- 
ing methods, such as the “‘ice-drying” of 
meat, are still in their infancy. Ice-drying 
consists of freezing and then removing the 
ice by sublimation in a vacuum. 

The outstanding merit of dried food, 
particularly when compressed into compact 
blocks, is its transportability. Dried and 
blocked meat weighs less than one third of 
the original meat and occupies less than one 
sixth of the space; powdering and blocking 
eggs reduce the weight to one-fifth and the 
volume to one tenth of that of eggs in the 
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shell; milk is similarly reduced to one-eighth 
the weight and one-tenth the volume of 
fluid milk; and dried and blocked cabbage 
has only 4 per cent of its original weight and 
2 per cent of its original volume. 

In conclusion, Barcroft lists three achieve- 
ments in the field of food preservation and 
distribution. He states: “Firstly, it is pos- 
sible now to preserve in a number of ways 
a variety of articles of diet so considerable 
as to form practically a complete dietary. 

“Secondly, it is possible to preserve some 
of them over a lifetime and a great many 
over a time long enough to prevent the 
waste which might occur from ordinary 
seasonal surpluses... . 

“Thirdly, blocking have 
brought a reduction in weight and bulk 
which, in conjunction with transport by aero- 
plane enables the most necessary articles 
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of diet, such as milk, to be transferred to 
almost any population from some part of the 
world where they can be produced in bulk. 
The weight of bombs dropped on the Ruhr 
in May as given in the daily press was 8800 
tons. This weight of dried milk would yield 
4,000,000 pints of liquid milk a day for 31 
days, about half a pint for every head of the 
population in a country the size of Belgium 
or Portugal.” 


STABILITY OF THIAMIN TO HEAT 


The behavior of thiamin during the heat 
dehydration of foods is unpredictable. In 
some products, thiamin has been found to 
suffer extensive destruction during dehy- 
dration and subsequent high temperature 
storage, while in others the thiamin appears 
to be stable. The recorded stability of 
thiamin in aqueous solution does not clarify 
the matter appreciably. Thiamin has been 
considered to be stable to boiling in acid 
solution, but less stable in alkaline solution. 
On the other hand it is common practice to 
inactivate this vitamin in liver, yeast, or 
grain by autoclaving. 


Such seemingly conflicting observations 
prompted Beadle, Greenwood, and Kraybill 
(J. Biol. Chem. 149, 339 (1943)) to make a 
systematic investigation of the stability of 
thiamin to heat at different pH values and 
salt concentrations. Pure thiamin solutions 
containing 10 micrograms per ml. were 
adjusted to various pH values with and 
without buffer salts and subjected to boiling 
temperatures for various times. Decreases 
of thiamin were measured both by the 
thiochrome procedure and by ultraviolet 
absorption spectra. The latter measure- 
ment necessitated accurate control of the 














144 NUTRITION REVIEWS 


pH since the ultraviolet absorption of 
thiamin is greatly affected by pH, but with 
this precaution the two methods showed 
general agreement. The results proved 
that thiamin possessed a different stability 
at different pH values, but that even at a 
given acidity, the salt present also exerted a 
marked influence. Thus at pH 54 at a 
boiling temperature there was a 100 per cent 
destruction in the presence of borates, 60 
per cent in unbuffered solution, and only a 10 
and 3 per cent destruction in acetate and 
phosphate solutions respectively. At pH 
7.0 there was in general a greater suscepti- 
bility to destruction, but again the least 
destruction occurred in phosphate. These 
effects could not be related to salt concentra- 
tions alone, since the nearly salt-free 
solutions were neither the most nor the least 
stable. 

In their second report Greenwood, Beadle, 
and Kraybill (J. Biol. Chem. 149, 349 
(1943)) have studied the heat stability of the 
pyrophosphoric ester of thiamin, the effect 
of commonly used meat-curing substances 
and of proteins on the stability of thiamin, 
and the relative stability of the natural 
thiamin in ground pork. These experiments 
are of particular interest in view of the 
finding of Melnick, Robinson, and Field 
(J. Biol. Chem. 138, 49 (1941)), that thiamin 
in biologic tissues was more stable than 
thiamin in pure solution. The stability of 
the pyrophosphoric ester (cocarboxylase) 
was in fact somewhat greater than that of 
thiamin itself, but not nearly great enough to 
account for the much greater thiamin re- 
tention noted in the heated pork samples. 
In the latter samples the thiamin losses did 
not exceed 20 per cent as compared to nearly 
complete destruction in pure solution. Al- 
though substances commonly used in the 
curing of meats such as salt, sodium nitrate 
and nitrite, sucrose, and dextrose, affect the 
stability of thiamin in aqueous solution both 
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favorably and adversely, these effects were 
of no consequence in determining the sta- 
bility of the thiamin in pork samples. Of 
much greater significance to an understand- 
ing of the relative stability of thiamin in the 
meat samples was the finding that 2 per cent 
egg albumin or gelatin in thiamin solutions 
produced a marked stabilization of the 
thiamin to heat. The relative stability of 
thiamin in such solutions in fact approached 
that of the thiamin in the pork samples. 
The investigators concluded that a number 
of conditions and substances can affect the 
stability of thiamin to heat, and on this 
account data collected under one set of 
circumstances cannot be safely projected to 
other conditions. 

There may be substances in some food- 
stuffs which have a particular stabilizing 
influence on thiamin, and a better knowledge 
of such substances might develop practical 
advances in vitamin stabilization in de- 
hydrated foods. A possible lead in this 
direction is found in the report of Rice, 
Beuk, and Robinson (Science 98, 449 (1943)). 
They noted an exceptionally high thiamin 
retention in a dehydrated pet food mixture 
containing meat products. The other prod- 
ucts in the mixture consisted of cracked 
wheat, ground barley, soya flour, bone meal, 
dried skim milk, salt, tomato paste, sardine 
oil, and gum guaiac. These workers com- 
pared the thiamin stability in a dehydrated 
pork sample with one supplemented with 
one third of this complex mixture. After 
one week of storage at 120°F., only 15 per 
cent of the thiamin was retained in the pure 
pork sample, while a 74 per cent retention 
was noted in the supplemented sample. 
There may be some simple substance in the 
complex supplementing mixture which exerts 
the principal stabilizing effect. Isolation 
of such a naturally occurring stabilizing 
principle should prove of great value. 
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MANGANESE METABOLISM IN RATS AND CHICKS 


Studies of manganese metabolism made 
with the radioactive isotope of manganese 
have been reported. It is of special sig- 
nificance that these studies were made both 
on rats (Greenberg, Copp, and Cuthbertson, 
J. Biol. Chem. 147, 749 (1943)) and on 
chicks (Mohamed and Greenberg, Proc. Soc. 
Exp. Biol. Med. 64, 197 (1943)) since the 
manifestations of manganese deficiency in 
mammals and birds differ. Mineral de- 
ficiencies, in general, are unlike avitaminoses 
in that they tend to be similar in many 
species. A lack of calcium uniformly causes 
a disturbance of bone metabolism. Iron 
depletion leads to inadequate synthesis of 
hemoglobin in all animals having hemoglobin 
as the circulating oxygen carrying pigment. 
In manganese however, this similarity of 
deficiency manifestations does not hold true. 
Rats require manganese to support normal 
reproduction, lactation, bone formation, and 
growth (Nutrition Reviews 1, 394 (1943)). 
Fowl fed diets low in manganese, on the 
other hand, develop a disease called perosis 
which is characterized by an enlargement of 
the tibial-metatarsal joint, twisting and 
bending of the distal end of the tibia and of 
the proximal end of the metatarsus, and 
slipping of the gastrocnemius tendon from 
its condyle. The level of serum and bone 
phosphatase in chicks with this type of 
perosis is lowered (Combs, Norris, and 
Heuser, J. Nutrition 23, 131 (1942)). It 
has been thought that manganese is required 
for the activation of arginase in the mam- 
malian liver, but the liver of the chick seems 
to contain no arginase. It has not been 
possible to ‘“‘tag’”’ or label vitamins so that 
their metabolism in species with different 
deficiency manifestations might be deter- 
mined and compared. Manganese offers a 
unique opportunity for this type of funda- 
mental biologic study. 

Greenberg and associates used normal 
animals with an artificial gallbladder type 
of fistula for their experiments. Either a 


stock colony diet or a modified milk diet was 
fed. They showed that rats, even when 
fasting, absorb only 3 to 4 per cent of a small 
orally administered dose of manganese. Ten 
to 30 per cent of the manganese given 
parenterally by peritoneal injection accumu- 
lated in the liver. Excretion occurred 
largely through the gastrointestinal tract; 
roughly 50 to 75 per cent of the excreted 
metal was brought to the intestinal tract 
by bile. Only a very small fraction of the 
total dose appeared in the urine. When 
manganese was given intravenously, 51.5 per 
cent could be recovered in the feces and 
intestinal tract after twenty-four hours. 
Excretion, therefore, was relatively prompt. 
Moderate degrees of manganese deficiency 
produced in rats fed the modified milk diet 
did not appreciably influence the results. 
Small amounts of the radioactive isotope 
could be found in the milk of a lactating 
animal when intraperitoneal injection of 0.05 
mg. of manganese was made two days after 
parturition. These results confirm those of 
earlier studies by other investigators who did 
not have the opportunity to use radioactive 
material. It is suggested that some of the 
accumulation in liver may result because 
manganese in excess of tissue needs is 
transmitted to the liver preliminary to 
excretion by bile. 

In the experiments on chicks, Mohamed 
and Greenberg produced manganese de- 
ficiency by placing newly hatched chicks on 
a synthetic ration of the following percentage 
composition: casein 20; gelatin 5; Wesson 
oil 2.5; cod liver oil 1.0; cellulose 5; yeast 
extract 5; glucose to 100. Supplements were 
given also of a salt mixture, cholic acid, 
alpha tocopherol, thiamin, riboflavin, pyri- 
doxine, niacin, calcium pantothenate, biotin 
concentrate, choline chloride, and vitamin 
Kk. The chicks were retarded in growth and 
began to show evidence of perosis in about 
two weeks. At the end of two weeks, the 
chicks in groups of 4 were given 15.8 micro- 
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grams of labeled manganese either orally or 
subcutaneously. An equal number of nor- 
mal controls was used. Each chick was 
placed in a separate metabolism cage for 
seventy-two hours so that excreta could be 
collected, and was then killed. The liver, 
kidney, carcass, and excreta were analyzed 
for the radioactive manganese. The major 
part of the administered manganese was 
excreted by both the deficient and the con- 
trol chicks although the former retained 
slightly larger amounts. Retention by the 
deficient birds was particularly conspicuous 
in the liver. The amounts in bone were very 
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small and measurable only in the injected 
deficient chicks. There was no significant 
difference in the uptake by the kidney be- 
tween the deficient and control groups, and 
no manganese could be found in this organ 
when the element was given orally. 

As judged by these experiments, therefore, 
the metabolism of manganese is essentially 
the same in rats and chicks even though 
manifestations of deficiency are so different. 
Since the chick liver contains no arginase, 
it is likely that the manganese serves some 
other function in birds. 


TUMOR-PROMOTING ACTION OF FAT 


Certain types of induced tumors appear 
more rapidly and in greater number when 
experimental animals are fed a diet high in 
fat than when ordinary stock rations are 
employed. An early example of this phe- 
nomenon in mice was the observation that 
the appearance of skin tumors due to the 
painting of tar was accelerated by the feeding 
of egg volk or of butterfat. The effect was 
at first ascribed to vitamin A in these foods, 
but subsequent experiments emphasized the 
importance of the fat itself. Baumann and 
Rusch (Am. J. Cancer 36, 213 (1939)) ob- 
served a marked acceleration in the forma- 
tion of tumors in the ears of mice exposed to 
strong ultraviolet light when 25 per cent of 
hydrogenated vegetable oil was added to an 
ordinary stock ration. Other variations in 
diet, such as the addition of cholesterol, 
dried liver, or a brain concentrate, failed to 
accelerate the appearance of this type of 
tumor. Tumors due to the local application 
of the carcinogenic hydrocarbons, benz- 
pyrene, methyl cholanthrene, or dibenzan- 
thracene, like those due to the light, 
appeared faster when diets high in fat were 
fed. Essentially the same results were 
obtained with five different kinds of fat: 
coconut oil, wheat germ oil, butterfat, lard, 
and hydrogenated vegetable oil (Jacobi and 
Baumann, Am. J. Cancer 39, 338 (1940)). 


Lavik and Baumann (Cancer Research 1, 
181 (1941)) reported that when only border- 
line amounts of carcinogen were applied, the 
total number of skin tumors was increased 
significantly by the addition of 15 per cent 
of fat to the basal ration. The active com- 
ponent of the fat appeared to be the fatty 
acid; ethyl laurate increased tumor forma- 
tion while glycerol and the unsaponifiable 
fraction proved to be comparatively inactive. 
Later these authors (Cancer Research 3, 749 
(1943)) demonstrated that the fatty acids of 
a hydrogenated vegetable oil, when freed 
from unsaponifiable matter and resynthe- 
sized into triglycerides, still promoted the 
formation of skin tumors. Tannenbaum 
(Cancer Research 2, 468 (1942)) observed 
that diets high in fat hastened the appear- 
ance of spontaneous mammary tumors in 
the dba strain of mice, and that a higher 
percentage of the animals fed fat ultimately 
developed tumors. Once the tumors were 
formed, however, their rates of growth were 
independent of the amount of fat in the basal 
diet. 

Furthermore, not all types of tumors ap- 
pear to be formed at rates that depend upon 
the percentage of dietary fat. The insensi- 
tive tumors include sarcomas due to the 
subcutaneous injection of the various car- 
cinogenic hydrocarbons, hepatomas in mice 
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fed aminoazotoluene, and lung tumors in- 
duced by hydrocarbons in the JAX Swiss 
strain of mice. Tumors induced in rats by 
either the subcutaneous injection or the local 
application of methyl cholanthrene failed 
to respond to dietary fat, as did the appear- 
ance of spontaneous mammary tumors in 
this species. 

Numerous attempts have been made to 
explain the connection between dietary fat 
and carcinogenesis for the types of tumors 
that are sensitive to fat, and in general 
investigators seem to agree that at least two 
mechanisms are involved: one is local and 
one is systemic. Mice fed a high fat diet 
frequently have a greasy fur, and hence the 
fat in contact with the skin could aid in the 
penetration of the carcinogenic hydrocar- 
bons, or even of the carcinogenic wave 
lengths of light, to the proliferating basal 
cells of the skin. The presence of this extra 
fat might also in some way alter the metabo- 
lism of the affected cells. The effects of a 
high fat diet can be duplicated in part by 
the local application of oil to the skin of 
mice developing tumors due to ultraviolet 
light or to the presence of hydrocarbons. 
The local application of oleic acid has also 
been shown to increase the number of skin 
tumors due to benzpyrene. 

However, the effect due to the local appli- 
cation of fat seldom equals that due to the 
feeding of a high fat diet. When relatively 
small increments of fat are added to a basal 
ration, some increase in tumor formation 
results in the absence of any visible greasi- 
ness of the skin. According to Lavik and 
Baumann, mice fed fat as an emulsion in 
the drinking water developed more skin 
tumors than those not fed fat, although this 
procedure minimized direct contact between 
the fat and the skin. However, the amounts 
of fat consumed in this way were only about 
half as effective as similar amounts mixed in 
the diet and fed in the usual way with the 
development of a greasy fur. Thus roughly 
one half of the fat effect would appear to be 
local while the other half is a systemic or 
cocarcinogenic one. Experiments have 
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failed to reveal any connection between the 
systemic effect and the acetone bodies or 
other possible products of fat metabolism, 
nor did the amounts of protein or of ribo- 
flavin in the diet appear to be involved in 
the fat effect. 

On the other hand circumstantial evidence 
suggested that part of the effect of the fat 
was exerted by virtue of an increased con- 
sumption of calories by animals fed the high 
fat diet. Mice painted with methyl cholan- 
threne voluntarily consumed from 12 to 30 
per cent more calories on the high fat diet 
than on diets low in fat. Within any series 
there was a rough correspondence between 
the number of calories consumed and the 
number of tumors that ultimately developed. 
Since there is abundant evidence that a 
reduction in the number of calories ingested 
tends to minimize tumor formation (Nutri- 
tion Reviews 1, 144 (1943)), it has now been 
suggested that the converse may also be 
true to some extent, namely, that an in- 
creased consumption of calories above a 
normal ad libitum level of intake (whatever 
that is) might result in an increased incidence 
of tumors. When the caloric consumption 
of the experimental animals is carefully con- 
trolled, the numbers of tumors that de- 
veloped on the diets high and low in fat are 
much more nearly equal than when the 
animals are fed ad libitum. Thus further 
evidence has been obtained for the very 
great importance of calories in the develop- 
ment of experimental tumors. However, 
the mechanism by which the caloric effect is 
exerted still remains to be determined. 
Apparently the intake of calories is more 
important for tumors at the periphery of the 
body than for those located in a well nour- 
ished central organ like the liver. Certainly 
more studies of the problem are indicated, 
including its applicability to human tumors. 
A beginning in this direction has been made 
by Tannenbaum (Arch. Path. 30, 509 
(1940)), whose review of insurance statistics 
suggests that “persons of average weight or 
less are not as likely to develop cancer as 
those who are overweight.”’ 
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HYPERVITAMINOSIS A 


Although much has been written concern- 
ing the effects in man of the ingestion of 
excessively large amounts of carotene, little 
is known concerning the results of over- 
dosage with vitamin A. A case in which 
excessive amounts of this vitamin may have 
caused certain harmful effects has been 
described by Josephs (Am. J. Dis. Child. 
67, 33 (1944)). 

The patient was a boy of 3 years who was 
brought for examination because of anemia 
and an enlarging spleen. Since the age of 
18 months his appetite had been poor and 
he seemed disinclined to play. Eight months 
later a tonsillectomy was followed by hemor- 
rhage requiring three transfusions. At this 
time not only was severe anemia present, but 
the white cells numbered 2900 per cubic 
millimeter and of these 44 per cent were 
neutrophils. There was also a pronounced 
reduction of the blood platelets (68,000). 
The patient’s liver and spleen were found to 
be enlarged and clubbing of the fingers was 
noted. At this time he lost much of his hair 
and when he was examined at the age of 3 
years, his hair was still sparse, dry, and 
rather coarse. The eyebrows and fine hair 
over the body were lacking. The anemia 
was now only moderate and the leucocytes 
numbered 6200, but of these only 36 per 
cent were neutrophils. Roentgenograms of 
the limbs revealed considerable irregularity 
in cortical structure. In the phalanges and 
metacarpals the cortex was extremely thin 
and the medullary cavities appeared to be 
vacuolated. The epiphyses of the upper 
ends of the humeri and tibias were mottled 
in appearance and the distances between 
epiphvses and diaphyses were greater than 
normal. The serum vitamin A was 910 
1.U., the serum carotene 110 micrograms 
per 100 ml., the serum total lipid 1140 mg. 
per 100 ml., and the serum protein 4.3 g. per 
cent. Of the latter 2.9 g. was albumin. 

On questioning the mother it was dis- 
covered that beginning at 2 to 3 months of 


age the child had received a teaspoonful of 
halibut liver oil a day. This represented a 
daily intake for the past two years and nine 
months of about 240,000 1.v. of vitamin A. 
In addition to this the boy had on occasion 
drunk the oil directly from the bottle in 
undetermined amounts. 

The child was discharged with instructions 
to the mother that he should not be given 
any extra vitamin A. Improvement was 
described as immediate. Within two 
months the appetite had improved. The 
patient had gained weight and his hair had 
begun to grow back normally. By the end 
of six months the appearance and the compo- 
sition of his blood were normal and the 
vitamin A content of the serum was within 
the upper limit of normality, namely 280 
1.u. The phosphatase, however, was still 
elevated (20 Bodansky units) and the serum 
proteins were still depressed (5.6 g.). Two 
and one-half years afterward the child was 
to all external appearances normal although 
the liver was still palpable and the spleen was 
still enlarged. The laboratory data were 
essentially normal except for a slight eleva- 
tion of the phosphatase content of the blood 
(9.1 units). The serum vitamin A was 40 
1.u. The bones appeared normal in 
structure. 

The circumstances in this case suggested 
that the excessive intake of vitamin A was 
the cause of the symptoms and signs de- 
scribed although, of course, there is no proof 
of this. The roentgenograms suggested a 
more rapid epiphyseal development than is 
normal, as well as decalcification. The 
high serum phosphatase was in line with 
these findings. The low level of serum pro- 
tein, which was due chiefly to a pronounced 
fall of serum globulin, suggested impaired 
bone marrow function, as did also the leuco- 
penia and granulocytopenia. Consistent 
with this possibility was the thrombocyto- 
penia and the moderate anemia. The 
improvement which followed the interrup- 
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tion of the excessive intake of vitamin A 
suggested a causative relationship, but the 
persistence of the hepato- and splenomegaly 
is not easily explained. It is of interest that 
the clinical picture in many ways suggested 
Gaucher’s disease, a disorder usually classi- 
fied with disturbances of fat metabolism. 

In reviewing the literature on the subject 
Josephs points out that in rats doses of 
vitamin A over 15,000 I.u. a day are asso- 
ciated with loss of weight, and the hair 
becomes unkempt and falls out while the 
skin becomes greasy and has a peculiar odor 
suggestive of hydrous wool fat. Frequently 
there is loss of use of the posterior extremi- 
ties. Multiple spontaneous fractures of the 
bones of the extremities may occur. There 
is rarefaction of the bones with extreme 
thinning of the cortex and increased deposi- 
tion of fat in the reticuloendothelial cells, 
especially in the Kupffer celis of the liver 
and in the spleen. Large but nontoxic daily 
doses of vitamin A given to rats, guinea pigs, 
and rabbits are associated with a rise in 
cholesterol and in total lipids of the serum. 

Excessive intake of carotene seems usually 
to be harmless except for the well recognized 
discoloration of the skin. There are, how- 
ever, several reports which suggest that 
occasionally there may be ill effects. Thus 
Sequeira (Brit. J. Dermat. 49, 69 (1937)) 
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reported weakness, loss of weight, and low 
blood pressure while Anderson and Soley 
(Am. J. Med. Sci. 195, 313 (1938)) reported 
enlargement of the _ liver. Henschen 
(Schweiz. Med. Wehnschr. 71, 331 (1941)) 
described a patient who had these symptoms 
and also paresthesia of the hands and feet. 
In this case both the liver and the spleen 
were enlarged. Josephs describes several 
patients in whom similar symptoms were 
observed and in one the low blood pressure, 
emaciation, and extreme muscular weakness 
led to the first impression of hypopituitary 
cachexia (Simmonds’ disease). In 2 cases 
the leucocyte count was 4100. In none of 
these instances, however, was it possible to 
be certain to what extent a concurrent 

than an 


excessive intake of carotene was the cause 


inadequacy of the diet rather 
of the effects observed. 

Josephs postulates that there is a normal 
mechanism to protect the animal against the 
toxic effects of excessive amounts of vitamin 
A and that this is found in the ability of the 
reticuloendothelial system to remove the 
excess. He suggests that in some instances 
associated with excessive intake this mecha- 
nism may break down and that in such 
instances there may be enlargement of the 
liver and spleen. 


TOPICALLY APPLIED SODIUM FLUORIDE AND DENTAL CARIES 


Tooth decay is an almost universal afflic- 
tion of man and, according to history and 
archaeologic observations, has been so since 
ancient times. It is probably safe to 
conclude that dental caries is the most wide- 
spread of human diseases. While the con- 
tribution that tooth decay makes toward 
serious illnesses is difficult to evaluate, there 
is little question that the amount of dis- 
comfort, pain, disfigurement, and expense 
which occurs from this cause each year is 
enormous. Therefore any practical means 
of improving the health of the teeth would 


be an 
health. 

For some time there have existed several 
conflicting schools of thought as to the cause 
of dental caries and the steps which should 
be taken to alleviate them. Recent inves- 
tigations tend indirectly to break down some 
of these barriers by showing that tooth de- 
cay may be decreased, although not com- 
pletely prevented, by more than one means. 
This suggests a possibility that has long 
been in the minds of some, that dental! caries 
may result from more than one cause or 
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combination of causes, and that the complete 
solution of the problem may call for more 
than one measure. 

Boyd and his group at Iowa (Nutrition 
Reviews 2, 35 (1944)) have presented further 
evidence that good nutrition can decrease 
the prevalence of dental caries in late child- 
hood and adolescence. These and previous 
studies seem to leave little doubt that nutri- 
tion bears a relation to tooth decay, but it 
also seems evident that this is only one 
factor. 

One of the most active and promising lines 
of investigation at the present time has to do 
with the effects of fluoride on the prevalence 
of dental caries. Observations incidental 
to the establishment of fluoride in the drink- 
ing water as the cause of mottled enamel, 
plus numerous reports from many sections 
of the world that persons living in areas 
supplied by waters containing fluoride 
showed a low incidence of dental caries, led 
to the hypothesis that there was a relation 
between tooth decay and fluorides. Ex- 
tensive epidemiologic studies have amply 
confirmed the correctness of this hypothesis. 
Dean, Arnold, and Elvove (Pub. Health 
Reports 57, 1155 (1942)), in studies of the 
caries rate in children in twenty-one Ameri- 
can cities, found a general inverse correla- 
tion between fluoride concentration of the 
public water supply and caries experience. 
A significantly lower dental caries prevalence 
was found associated with fluoride concen- 
trations as low as | p.p.m., a concentration 
which, under the circumstances prevailing 
in the localities studied, produced only 
occasional instances of mild dental fluorosis, 
and this of no practical aesthetic significance. 

Further support to the fluoride hypothesis 
was given by the observations of Armstrong 
and Brekhus (J. Dental Research 17, 
393 (1938)) that the enamel of carious 
teeth contains less fluoride than enamel 
of non-carious teeth. Then, too, animal 
experiments showed that the incidence of 
experimental dental caries in the rat could 
be reduced by the addition of extra fluoride to 


the diet. These observations indicate that 
resistance to dental caries is increased when 
limited amounts of fluoride are made avail- 
able to the forming tooth. That fluoride 
applied topically to the mature tooth might 
also confer benefits seemed a_ possibility 
after it was shown that the fluoride content 
of mature erupted rat molars could be in- 
creased by contact with fluoride solutions 
(Perry and Armstrong, J. Nutrition 21, 
35 (1941)). 

Knutson and Armstrong (Pub. Health 
Reports 68, 1701 (1943)) reported the results 
of the effects of topically applied sodium 
fluoride on the caries rate in 289 children, 
aged 7 to 15 years, as compared with a con- 
trol group of children in the same schools. 
From eight to fifteen four-minute treatments 
with 2 per cent sodium fluoride were applied 
to the left upper and lower quadrants of the 
mouth during a period of eight weeks. The 
corresponding right quadrants of the same 
mouths were left untreated for controls. 
In addition, the teeth of 326 like children 
in the same Minnesota school remained 
untreated as controls. Thorough dental 
examination and counts of caries were made 
before the sodium fluoride applications and 
at the end of one year by the same observers. 
Approximately 40 per cent less new caries 
occurred in the treated as compared with the 
untreated teeth in the treated group of 
children. The reduction was greater in the 
upper than in the lower teeth. The inci- 
dence of dental caries in the untreated 
quadrants of the treated group was the same 
as in the untreated group. It was inter- 
esting to note that treatment was not effec- 
tive in inhibiting renewed attacks of caries 
in teeth that had been attacked previous to 
the treatment. 

Cheyne (J. Am. Dental Assn. 29, 804 
(1942)) reported a 50 per cent reduction in 
caries over a three month period of fluoride 
treatment in a group of 27 children, aged 4 
to 6 years, as compared with like controls. 
This investigator found the treatment had 
been effective also in suppressing carious 
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activity in preexisting lesions. Two ap- 
plications of 0.05 per cent potassium fluoride 
were used. Likewise Bibby (J. Dental Re- 
search 22, 207 (1943)) reported a 30 per cent 
reduction in caries in 89 children whose teeth 
were treated every four months with 0.01 per 
cent sodium fluoride. 

These observations have been on a limited 
scale and for a limited time. Since analysis 
of caries activity may be influenced by many 
conditions and is dependent upon some 
highly subjective criteria, further work will 
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be required before definite conclusions on the 
therapeutic effects of topically applied fluo- 
ride can be reached. Even if the method 
should prove to be effective, many questions 
remain to be answered before it could be gen- 
erally used. Among them are: What fluo- 
ride concentration is most effective; how 
often and for what period should it be ap- 
plied; what hazards are involved in using 
such a toxic substance on a broad scale; and 
would repeated use produce any deleterious 
effects on the teeth? 


GROWING CALVES NEED VITAMINS 


Newborn calves, like newborn babies, are 
difficult to raise and present about as many 
problems for the veterinarian and _ stock- 
breeder as newborn babies present for the 
worried mother and pediatrician. Further- 
more, breeders of livestock, like pediatri- 
cians, have found by long experience that 
the newborn thrive best on mother’s milk. 
The literature (both medical and veterinary) 
is replete with reasons for the indispensa- 
bility of colostrum. Among these are state- 
ments regarding the role of antibodies, the 
presence of laxative substances, and the con- 
centration of vitamins, all or most of which 
are not found in normal milk or are present 
in much smaller concentrations. 

In 1941 Phillips, Lundquist, and Boyer 
(J. Dairy Sci. 24, 977 (1941)) observed that 
nutritional scours (diarrhea), a common af- 
fliction of young calves, could be effectively 
prevented and cured by supplying adequate 
amounts of vitamin A and certain members 
of the vitamin B-complex. This work raised 
sO many questions regarding the vitamin re- 
quirements of the growing calf that newer 
and more detailed researches were inaugu- 
rated, the findings of which have been re- 
ported by Lundquist and Phillips (J. Dairy 
Sci. 26, 1023 (1943)). The last mentioned 
work was initiated with the hope of learning 
more about the dietary requirements of the 
very young calf and also to find a basis for 


correlating the lack of specific dietary fac- 
tors with diseases common to calves. 

Accordingly, the Wisconsin workers set 
out to ascertain the nutritional status of the 
newborn calf and to follow it during the first 
six weeks of life. Blood samples were ob- 
tained from newly dropped calves before 
nursing occurred. These blood samples 
were assayed for vitamins A and C and 
‘varotene. In order to eliminate colostrum 
most of the experiments were conducted with 
‘valves which had never nursed their dams 
but which had been fed from birth on a basal 
ration consisting solely of skim milk, with a 
grain mixture and alfalfa hay available after 
the tenth day. Experiments were set up to 
study (1) the effect of vitamin A and caro- 
tene supplements, (2) the influence of addi- 
tions of ascorbic acid, (3) the effect of 
supplements of the vitamin B-complex, and 
(4) the effects of combinations of these sup- 
plements. 

The average concentration of ascorbic acid 
in the plasma of 45 newborn calves was 0.70 
mg. per 100 ml. The same bloods yielded 
0.05 micrograms of vitamin A per ml. of 
plasma. The previously mentioned blood 
level of vitamin C is considerably above the 
normal for older calves. After twenty-four 
hours the concentration of ascorbic acid had 
fallen to 0.38 mg. per 100 ml. and continued 
to fall at a slower rate for the first two weeks 
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until it reached a level of about 0.19 mg., 
after which it slowly rose and leveled off at 
about 0.30 mg. 

Blood plasma levels of vitamin A were 
extremely low at birth, which is in agreement 
with the findings of other workers. How- 
ever, normal blood vitamin A levels of 0.15 
to 0.18 microgram per ml. were obtained 
within two days. During the first two weeks 
the carotene levels were about twice those of 
vitamin A, after which they leveled off at 
about 0.17 to 0.14 microgram per ml. during 
the last three weeks of the six week experi- 
ment. The blood level of vitamin A was 
practically constant from the second day to 
the sixth week, averaging about 0.16 micro- 
gram per ml. 

Additions of shark liver oil alone did not 
prevent death from diarrhea or scours and 
other complicating diseases, including peri- 
tonitis. Consequently, other supplementa- 
tions were attempted while the vitamin A 
blood levels were maintained by feeding 
shark liver oil at levels of 6000 micrograms 
per day for two or three days, 3000 
micrograms daily for seven days, and 1500 
micrograms daily thereafter. Preliminary 
experiments indicated that the newborn calf 
had not developed the ability to convert 
carotene into vitamin A. When carotene 
was fed (with skim milk) to a Holstein calf 
in amounts as high as 330,000 micrograms 
per day, vitamin A levels in the plasma were 
subnormal, vitamin A deficiency symptoms 
developed, and the calf died on the fifteenth 
day. 

Supplementations of ascorbic acid, with 
adequate vitamin A, yielded striking results 
and losses of calves due to peritonitis were 
eliminated. Feedings of 0.25 to 0.50 g. of 
ascorbic acid daily were reflected in higher 
than normal blood levels for the first ten or 
twelve days, after which the skim milk-fed 
calves maintained lower plasma levels of 
vitamin C than normal calves. 

During these studies several calves with 
enlarged navels due to infection became 
available. Daily injections of 0.5 g. of 


ascorbic acid effectively walled off the navel 
in seven days and the diminution in size of 
navels could be noted during the first 
twenty-four to forty-eight hours of treat- 
ment. The Wisconsin workers are con- 
vinced that ascorbic acid is specific in aiding 
body defenses in the control of navel infec- 
tion, pneumonia, and other types of infec- 
tious diseases. The blood plasma concen- 
tration of ascorbic acid falls from its normal 
range of 0.3 to 0.4 mg. per 100 ml. to values 
of 0.05 mg. or less in infectious diseases of the 
calf; in acute pneumonia it may disappear 
entirely. 

Supplementation of the basal skim milk 
ration containing vitamins A and C, with 
members of the vitamin B-complex, also 
yielded interesting results in the complete 
control of calf diarrhea. In the absence of 
certain members of the B-complex, diarrhea 
was not completely prevented or cured. 
Pantothenic acid was ineffective, while nico- 
tinic acid was found to be very effective in 
the presence of adequate amounts of vita- 
min A. 

These experiments are most interesting 
and convincingly emphasize the practical 
importance of nutrition research to the dairy 
farmer. The authors state that additional 
practical studies in the University herd indi- 
cate that calf scours can be controlled satis- 
factorily with adequate intakes of vitamin A 
(shark liver oil) and nicotinic acid (50 to 
100 mg. daily). 

The observation that there seems to be a 
definite rise in plasma ascorbic acid between 
the second and third week of life led the 
authors to the interesting conclusion that 
this may indicate the beginning of the bodily 
synthesis of this vitamin by tne calf. Oral 
administration was ineffective after about 
the tenth day of life, indicating the begin- 
ning of rumen activity. Older ruminants 
are known to destroy ascorbic acid rapidly 
during rumination (Knight, Dutcher, Guer- 
rant, and Bechdel, J. Dairy Sci. 24, 567 
(1941)). Another interesting observation, 
which should be confirmed with larger num- 
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bers of calves of different breeds, is that the 
ability of the calf to transform carotene into 
vitamin A is not developed until the third 
week of life. 

From a practical standpoint it is impor- 


SEASONAL CHANGES IN 


The present emphasis on improved nutri- 
tion is in large part directed toward supply- 
ing to each individual an abundance of the 
dietary essentials. It is perhaps equally 
important to ensure the efficient absorption 
and utilization of these essentials. The 
absorption of calcium from the intestinal 
tract apparently presents considerable diffi- 
culty to the body. Under the most favor- 
able circumstances, the absorption of calcium 
scarcely exceeds 50 per cent; with unfavor- 
able conditions the fraction absorbed may 
fall below 10 per cent. As a result of inten- 
sive study covering a period of years, many 
of the factors governing the absorption of 
calcium have been elucidated. In general, 
the absolute calcium absorption is aug- 
mented by an increased acidity of the food, 
by the administration of vitamin D, and by 
an increased calcium ingestion. Factors 
which diminish the calcium absorption are 
chiefly those which lead to the formation of 
insoluble calcium compounds in the intes- 
tinal tract, e.g., the presence of oxalates, of 
high concentrations of phosphates, or even 
of fatty acids when these are poorly ab- 
sorbed. 

McCance and Widdowson (J. Physiol. 
102, 42 (1943)) have considered other factors 
which affect calcium absorption. These au- 
thors had occasion to study the calcium 
absorptions and urinary excretions of 6 hu- 
man subjects at intervals during a period of 
over two years. The unexpected observa- 
tion was made that in 3 of the 6 subjects 
there was a distinct seasonal fluctuation in 
both the absorption of calcium and the ex- 
cretion of calcium in the urine. 

The subjects were maintained during each 
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tant to note that Holstein calves can be 
raised successfully from birth on a skim milk 
diet supplemented with vitamins A, C, and 
nicotinic acid and with access to hay and 
grain. 


CALCIUM METABOLISM 


test period on a diet in which 40 to 50 per 
cent of the calories was furnished by flour, 
either white or dark. In most instances, 
the absorption was measured over a three 
week period to minimize short-term varia- 
tions. During each season, summer and 
winter, duplicate observations were made, 
one on a white bread, and one on a brown 
bread diet. In 2 subjects for which data are 
given, the average daily summer absorption 
of calcium on white bread was 145 mg. or 22 
per cent of the intake, as compared to 24 mg. 
or 4 per cent of the intake in the winter. 
The urinary excretions were also different. 
In the summer an average of 185 mg. calcium 
per day appeared in the urine, whereas only 
88 mg. per day were excreted in the winter. 
The values for these same 2 subjects were 
similar when the white bread was replaced by 
brown bread except that, as the authors have 
previously reported, the calcium absorption 
was lowered by the high brown bread intakes 
(MeCance and Widdowson, J. Physiol. 101, 
44, 304 (1942)). Thus the average summer 
‘calcium absorption on brown bread was 5 
per cent of the intake as compared to a 
winter absorption of —7 per cent, 7.¢., in 
the winter the fecal excretion of calcium 
exceeded the intake. The urinary excre- 
tions, summer and winter, were 16 and 6 per 
cent of the intake respectively. 

The authors also observed an annual vari- 
ation in calcium absorption in 5 of the 6 sub- 
jects; “1941 was evidently a worse vear for 
Ca absorption than 1940.” 

Magnesium absorptions and excretions 
were measured in a manner parallel to the 
‘alcium, and completely failed to show any 
seasonal or annual The 


variation. mag- 
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nesium values were constant throughout and 
served as a useful control of the experimental 
technic. The authors state that similar re- 
sults were obtained with phosphorus. 

The suggestion was made that perhaps 
during the summer months enough extra 
vitamin D was available to the subjects 
through food and sunlight to explain the 
results obtained. This possibility was tested 
by adding to the diet 2000 units of calciferol 
per day during a three week winter test 
period. The results were compared with the 
observations during an immediately preced- 
ing three week test period. During both 
periods the subjects were on the brown bread 
regime. Although an increased absorption 
occurred with the added vitamin D, the 
increase was only about half of the seasonal 
rariation. No change in excretion was ob- 
served. The authors feel that their results 
are not explainable solely on the basis of a 
winter deficiency in vitamin D. 

These studies indicate, if they show noth- 
ing else, that in spite of great care on the part 
of the experimenters, and excellent coopera- 
tion of the subjects (the authors themselves 
were 2 of the subjects), calcium absorption 
may fluctuate in the same individual within 
wide limits. The diets used were strictly 
controlled only in regard to the bread sup- 
plement, but the rest of the diet, which was 
freely chosen, was only “very similar from 
one experiment to the next.” One would 
perhaps wish forsmore data to support the 
statement about diets and to support the 
authors’ conclusions, particularly in regard 
to the comparison of vitamin D administra- 
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tion to the seasonal changes, but these are 
time consuming experiments and difficult to 
execute in large numbers. 

Assuming the validity of these changes, 
several possible explanations may be offered. 
The authors suggest that an increased sensi- 
tivity to vitamin D, rather than an increased 
intake of the vitamin may explain the in- 
creased summer absorption. This possi- 
bility is not without precedent. Bakwin, 
Bodansky, and Schorr, for example, (Am. J. 
Dis. Child. 69, 560 (1940)) found that certain 
children are resistant to vitamin D and 
require huge doses for adequate calcium 
absorption. There is abundant evidence of 
seasonal variation in the calcium metabolism 
of lower animals. These changes appear to 
be on an endocrine basis and have been 
shown, in certain cases, to be in part the 
consequence of the seasonal changes in the 
illumination received by the animal. It is 
possible that the long summer day might 
induce similar if less dramatic changes in 
man. Another possibility is that the im- 
proved summer absorption of calcium is an 
indirect consequence of the increased con- 
sumption of fluids in hot weather. One 
might also attribute the changes in calcium 
absorption, in part, to an alteration in the 
intestinal flora with resultant variations in 
intestinal pH. 

The fact that unexplained variations do 
occur in the absorption and excretion of 
calcium presents a challenge. The metabo- 
lism of calcium in the adult, and the efficacy 
of and need for vitamin D seem to merit 
increased study. 


LACTIC ACID BACTERIA IN THE SERVICE OF NUTRITION 


The fastidiousness of the lactic acid bac- 
teria has made these organisms of increasing 
usefulness in the microbiologic assay of vita- 
mins and amino acids. The production of 
lactic acid in the medium in which they are 
growing furthermore offers a simple chemical 
titration as a means of measuring their 


growth response. The application of Lacto- 
bacillus casei, for example, to the analysis of 
vitamins is illustrated in the report of Landy 
and Dicken (J. Lab. Clin. Med. 27, 1086 
(1942)) in which this organism is used for 
the analysis of six different B-vitamins, 
namely pyridoxine, riboflavin, biotin, panto- 
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thenic acid, “folic acid’’, and nicotinic acid. 
Some of the procedures have required modifi- 
cation since the paper appeared. 

In other reports it is becoming evident 
that lactic acid bacteria may also be used 
for the microbiologic determination of a 
number of amino acids. Because of the 
great variety of lactic acid bacteria, it is 
clear that the greatest advances toward more 
specific and commonly adopted methods 
will result if research energies are directed 
toward a more complete understanding of 
relatively few of these organisms. Most 
attention has been directed to Lactobacillus 
casei e and Lactobacillus arabinosus 17-5 as 
test organisms for microbiologic assay. 
Streptococcus lactis R has also been studied, 
and a more suitable “‘folic acid’’ assay has 
been developed recently from the work of 
Luckey, Briggs, and Elvehjem (J. Biol. Chem. 
152, 157 (1944)) on the requirements of 
this organism. 

The now classic use of L. casei is that of 
Snell and Strong (Jnd. Eng. Chem. (Anal. 
Ed.) 11, 346 (1939)) for the microbiologic 
assay of riboflavin. The medium used in 
this assay contained alkali-treated, photo- 
lyzed peptone and cystine as a source of 
amino acids, while a yeast supplement freed 
of riboflavin served as the principal source of 
B-vitafhins. As the yeast supplement was 
replaced by purer components it became evi- 
dent that L. casei required several other fac- 
tors, and the combined contributions of 
many workers led to the development of the 
use of this organism for the microbiologic 
determination of several B-vitamins. As 
the peptone fraction was replaced by indi- 
vidual amino acids, it appeared that L. casei 
required in addition several of the amino 
acids preformed (Hutchings and Peterson, 
Proc. Soc. Exp. Biol. Med. 52, 36 (1943)). 

MeMahan and Snell (J. Biol. Chem. 162, 
83 (1944)) have given detailed consideration 
to the use of L. casei for the determination of 
valine and arginine. With the exception of 
a “folic acid” concentrate, the basal medium 
was composed of some 36 different organic 
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substances in addition to inorganic salts. 
In assaying for valine and arginine, the 
appropriate amino acid was simply omitted 
from the basal medium. The dl-form of 
valine was used as a standard after demon- 
strating that d-valine was inactive and that 
the activity of the ]-form was not inhi- 
bited by the unnatural form. For arginine, 
pure l-arginine (monohydrochloride) was em- 
ployed. While titration or pH changes were 
indicated as suitable for the evaluation of the 
growth response, the authors generally em- 
ployed turbidimetric measurements. The 
relations obtained by plotting concentrations 
of the amino acids versus the galvanometer 
readings were represented by gradual curves 
and were applicable over the range of 2 to 
16 micrograms of ]-valine and 1 to 8 micro- 
grams of arginine. 

A preliminary survey was made to es- 
tablish the appropriate conditions for the 
liberation of amino acids from casein. A con- 
centration of 10 per cent hydrochloric acid in 
a sealed tube, autoclaved for ten hours at 15 
pounds pressure, was chosen for general use. 
The valine and arginine contents of casein, 
ovalbumin, silk fibroin, horse hemoglobin, 
lactoglobulin, and gelatin were determined. 
In assays of arginine, for which reliable 
chemical methods are available, the results 
of the chemical and microbiologic methods 
were in excellent agreement. The authors 
have tested the accuracy and reproducibility 
of the method in several ways, and have 
proved it to be highly reliable. A particular 
virtue of the microbiologic method, demon- 
strated by the authors, is that satisfactory 
amino acid assays can be made on protein 
samples as small as 1.5 to 3.0 mg., an impor- 
tant consideration when dealing with diffi- 
cultly prepared pure proteins. 

At least for valine and arginine analysis, 
McMahan and Snell have found L. arabino- 
sus 17-5 as useful as L. casei. In general 
there have been more reports on the use of 
the former organism for amino acid assay, 
and because L. arabinosus appears to be less 
fastidious in its requirements than L. casei, 
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it may become the more useful for many 
analyses. Kuiken, Norman, Lyman, and 
Hale (Science 98, 266 (1943)) have selected 
L. arabinosus 17-5 for amino acid analysis 
after testing several organisms. The amino 
acids, glutamic acid, tryptophane, threonine, 
valine, leucine, isoleucine, cystine, lysine, 
and phenylalanine were found to be essen- 
tial, although other amino acids were in- 
cluded in the basal medium since they also 
increased growth. The authors have studied 
valine, leucine, and isoleucine especially and 
found the growth responses suitable for 
quantitative application. The d-forms of 
valine and leucine were reported as com- 
pletely inactive. 

Shankman (J. Biol. Chem. 160, 305 (1943)) 
has also reported on the quantitative re- 
quirements of L. arabinosus for amino acids, 
and adds methionine to the list of amino 
acids apparently essential for this organism. 
In a preliminary report Shankman, Dunn, 
and Rubin (J. Biol. Chem. 160, 477 (1943)) 
have demonstrated the separate determina- 
tion of glutamic acid, tryptophane, threo- 
nine, valine, leucine, isoleucine, cystine, and 
methionine in a mixture of eleven different 
amino acids. They have not yet given the 
desired details for the analysis of each of 
these in a protein. 

Hegsted, too, (J. Biol. Chem. 152, 193 
(1944)) has studied the specificity of the 
amino acid requirements of L. arabinosus. 
It is evident that the requirements of amino 
acids are relative, and that only those which 
when removed from the medium cause a 
nearly complete cessation of growth could 
be classified strictly as “essential.” It is for 
such amino acids that the microbiologic 
method is best adapted. Those considered 
essential by Hegsted are glutamic acid, 
tryptophane, valine, leucine, isoleucine, cys- 
tine, phenylalanine, methionine, arginine, 
and tyrosine. Maximum growth failed, 
however, when only these ten amino acids 
were in the basal medium; aspartic acid fur- 
ther increased the growth, and in conjune- 
tion with threonine and lysine produced 
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essentially the same rate of growth as that 
attained with the complete mixture of amino 
acids. Threonine and lysine, classified by 
others as essential, were found to increase 
growth, but in their absence growth was suf- 
ficiently good to prohibit classifying them as 
“essential,” on the basis of the restriction in 
usage indicated above. No clear evidence 
was found to indicate a requirement for 
histidine, alanine, or serine. Hegsted has 
applied his method to determine the leucine, 
phenylalanine, and valine content of casein 
and edestin and has demonstrated satisfac- 
tory recovery of these amino acids after acid 
hydrolysis of the protein. The valine con- 
tent of casein found, 5.20 and 4.87 per cent, 
is not in satisfactory agreement with the 
value 6.7 per cent found by McMahan and 
Snell. Since the latter workers obtained the 
same result with L. arabinosus as with L. 
casei, it is possible that the casein samples 
used by the two laboratories were of different 
degrees of purity. 

The microbiologic assay of amino acids 
promises to have its share of difficulties when 
used for analyzing complex products. The 
responses are greatly dependent on the com- 
position of the basal medium, a factor which 
probably accounts in part for the different 
conclusions reached by Hegsted and Shank- 
man with respect to the essential cRaracter 
of threonine and lysine. Shankman, for 
example, has noted that whereas tyrosine 
and phenylalanine appeared essential in one 
medium, they were only auxiliary when 
added to a medium considerably higher in 
the other amino acids. MzeMahan and Snell 
also warn that antagonistic effects between 
amino acids may occur if restricted amounts 
of amino acids are employed in the media. 
This fact must be appreciated in the analysis 
of protein hydrolysates where considerable 
amounts of other amino acids are involved 
in addition to the one under investigation. 
Amino acids isolated from natural sources 
are furthermore known to be contaminated 
with other amino acids, hence some differ- 
ences in various laboratories may arise 
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according to the source of supply of these 
materials. Not all amino acids are available 
in synthetic form. 

There are other facts already recognized 
which may be contemplated as difficulties in 
amino acid assays. It has been noted by 
Shankman that increasing amounts of argi- 
nine show first a stimulation, followed by a 
secondary inhibition, and finally another 
stimulation. Even with respect to the 
organism itself, it is known there are at 
least two strains, only one of which requires 
p-aminobenzoic acid. How often other 
mutants may arise with different amino acid 
requirements remains to be seen.. Finally, 
it is doubtful whether the lactic acid bacteria 
have yet displayed their maximum growth 
on a synthetic medium. Kuiken et al. have 
noted that addition of a tomato juice con- 
centrate to the synthetic medium produces 
further growth of L. arabinosus, and the 
relations of vitamins Be, By, Bu, and 
Peterson’s ‘eluate factor’’ to optimal growth 
of lactic acid bacteria are not yet clear. The 


PRENATAL DEFICIENCY 


Difficulties are encountered in attempting 
to produce typical deficiency disease in the 
young by feeding a deficient diet to the 
mother. In severe deficiency, breeding does 
not take place. If the deficiency is mild the 
young may appear normal at birth. It is 
assumed by many students of the subject 
that the maternal organism so far as possible 
yields all the necessary substances to the 
offspring by the scrifice of its own tissue 
though recent investigations with human 
subjects have not supported this assumption 
(Nutrition Reviews 1, 386 (1943)). 

In respect to rachitogenic diets, Toverud 
(J. Biol. Chem. 58, 583 (1923)) found that 
female rats fed a low calcium diet did not 
breed sufficient offspring to permit study of 
the effects of the diet. Korenchevsky and 
Carr (Biochem. J. 18, 1313 (1924)) found 
the general chemical composition of the 
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very fastidiousness of the lactic acid bacteria 
which makes amino acid assays possible, 
therefore also promises to complicate the 
assay of these substances in a variety of 
natural products. With adequate know!- 
edge of the material under investigation 
however, these difficulties should become 
adequately controlled. 

As in each field of biochemical research, 
the most noteworthy advances in amino acid 
studies can be made only after institution of 
suitable quantitative methods. The sensi- 
tive microbiologic procedures for amino acids 
promise to avoid the tedious separation of 
amino acids from protein hydrolysates. 
They also provide procedures for assaying 
the amino acids for chemical 
The need of 
essential amino acids for growth and health 
has already been recognized, but the study 
of these materials in the diet and in body 
functions has been materially hindered by 


lack of suitable analytic methods. 


which no 
methods are now available. 


DISEASE IN THE YOUNG 


young of mothers fed a diet deficient in fat 
soluble factors identical to that of the off- 
spring of control animals. When rats were 
held for several generations to a diet low in 
calcium, however, Shipley, Park, McCollum, 
and Simmonds (Am. J. Hygiene 1, 512 
(1921)) found the skeletons of the young to be- 
come progressively more slender. Similar ob- 
servations have been made by other workers. 
Sugiyama (Orient. J. Dis. Infants 21, 27 
(1937)) obtained 3 litters from one rat fed the 
Steenbock and Black rachitogenic diet and 
in the newly born young found some his- 
tologic signs of rickets. 

Warkany (Am. J. Dis. Child. 66, 511 
(1943)) reports further studies in which the 
previously studied (vitamin D assay) diet 
was used. It was found that if this diet was 
used without supplement, a single litter 
could occasionally be obtained from such 














EG ey 


~-m « 


_— 





158 NUTRITION REVIEWS [May 


rats, but successive matings rarely took 
place. The offspring were often super- 
ficially normal. For this reason 2 per cent 
of dried pig liver was added to the diet with 
the hope that the fertility of the mothers 
would be increased without interfering with 
the rachitogenic effect. This was actually 
found to be true and Warkany reports his 
observations on 19 females that went 
through a successful first pregnancy, 16 fe- 
males which delivered a second, and 5 a 
third litter. One female had a fourth and a 
fifth litter. 

These 42 litters consisted of 294 young, 
all of which appeared (externally) approxi- 
mately normal. Using the Dawson method 
(Stain Technol. 1, 123 (1926)) the osseous 
skeleton was visualized and examined, 
whereupon nearly half were found to show 
gross skeletal deformities. These consisted 
of a pronounced curving of the radius, ulna, 
tibia, and fibula; the convexities pointed 
toward the dorsa of the forearms and legs. 
The ulna which was longer than the radius 
curved around the distal end of the radius. 
The humerus was shortened and the distal 
end showed cupping. The first three or four 
ribs presented a peculiar angulation in the 
osseous parts and the distal ends were 
abruptly broader at the point of angulation. 
The tibia was thick and bent. The fibula 
ran parallel to the tibia except for the prox- 
imal end which bent back sharply. 

The microscopic sections of the deformed 
specimens showed that the stage of ossifica- 
tion was much farther advanced in the nor- 
mal than in the deformed bone. In the tibia, 
for example, the cartilaginous ends were of 


abnormal length and structure while the 
osseous shaft was reduced to about one 
fourth of its normal length. The area of 
swollen cartilage cells was very much en- 
larged and the intercellular substance was 
seen to be generally uncalcified. A bush of 
capillaries was seen to protrude into the 
cartilaginous mass. Osteoid tissue was pres- 
ent in this area, but not so abundantly as in 
infantile rickets. The line of ossification 
was extremely irregular. 

The changes resembled in many ways 
those seen in rickets and the author suggests 
that they may represent fetal rickets. The 
chief distinction between the histologic pic- 
ture described and that of infantile rickets 
is the absence of large areas of osteoid tissue 
between the epiphyseal cartilage and the 
osseous part of the shaft. 

The diet used was deficient in vitamin 
D and had an abnormally high calcium to 
phosphorus ratio. It isnot known, of course, 
what nutritional elements were transmitted 
through the placenta from the maternal 
blood stream. That the changes observed 
were in all likelihood closely related to the 
absence of vitamin D in the mother’s diet, is 
suggested by the observation that when 
viosterol was added to the maternal diet, 
the changes described failed to develop in 
the young. Nineteen females bred while 
being fed the deficient diet supplemented by 
60 U.S.P. units of vitamin D every tenth 
day produced 51 litters, which consisted of 
322 young. None of these showed the 
changes described in the offspring of rats 
fed the experimental diet without vitamin D 
supplement. 
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NOTES 


Buckwheat Cakes and Sunlight 


Buckwheat poisoning, known in medical 
parlance as fagopyrism, though rare, has 
been known for many years, and has received 
considerable attention from workers in 
Germany. It is classified with the “light 
diseases’ because the harmful effects of 
ingesting buckwheat products are noted only 
if the subject is subsequently exposed to 
sunlight. 

The disease can be produced experi- 
mentally by feeding buckwheat to white 
experimental animals and exposing them to 
sunlight The symptoms vary with the type 
of animal and the intensity and duration of 
sunlight, but generally include severe itching, 
erythema, edematous swelling and occa- 
sionally convulsions, paralysis, and even 
death (in animals with severe exposures). 

Wender, Gortner, and Inman (J. Am. 
Chem. Soc. 65, 1733 (1943)) have reported 
experimental procedures by which three 
photosensitizing agents have been isolated 
from buckwheat (Fagopyrum esculentum), 
gathered during the flowering stage. The 
three photodynamic substances were ex- 
tracted with acetone and separated chromato- 
graphically. Substance A was obtained as 
a crystalline purplish-black pigment, and 
substance B as red crystals. All three 
substances were soluble in organic solvents, 
fluorescent, and when fed to white guinea 
pigs proved to be light sensitizing agents. 

The authors call attention to the similarity 
of the properties of these photodynamic 
products and those described for hypericin, 
a substance isolated from St. John’s wort 
(Hypericum perforatum). The latter pro- 
duces a “light disease’’ called “hypericism,”’ 
which is similar to fagopyrism. 

Regardless of the possible dangers of 
fagopyrism, there are many people who will 
still risk an occasional breakfast of buck- 
wheat cakes! 


Foods for Foreign Relief 


The United Nations have pledged to make 
stores of food available to the occupied 
countries as soon as hostilities cease. The 
Army has recognized the importance of such 
a program and is assuming the responsibility 
of feeding civilians during military opera- 
tions and for as long as six months after, 
following which civilian agencies will prob- 
ably be asked to take charge. 

The Office of Foreign Relief and Rehabili- 
tation Operations under Mr. Lehman has 
laid valuable ground work for United States 
participation in such a United Nations 
program. The job, according to Mitchell 
(J. Am. Dietet. Assn. 19, 820 (1943)), has 
entailed selecting from the available foods 
those which meet the nutritional needs of 
liberated areas and supplying these foods in 
forms which will be familiar and acceptable 
to the people of these areas. Both supply 
and need have dictated that grains will be 
the major items in all relief programs. 
Wheat plus smaller amounts of oats, corn, 
barley, and rice will be sent where they are 
most acceptable and where there is evidence 
of the greatest need. Oils and fats have 
normally been imported by most European 
countries and are now arnong the items most 
drastically curtailed. Margarine and lard 
will be the forms shipped from the United 
States. The inadequate supply of meats, 
fish, and dairy products in the United States 
and in other allied countries has made it 
necessary to provide protein and fats largely 
from other sources. Where unfamiliar foods 
have been used an attempt has been made to 
combine them in familiar and acceptable 
forms. For example, dehydrated soup pow- 
der is now being manufactured of peas, soy- 
beans, dry skim milk, brewers’ veast, and 
seasoning. This soup provides about 39 per 
cent protein on the dry basis and a liberal 
proportion of the .day’s requirement for 
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calcium, iron, thiamin, riboflavin, and niacin. 
This type of purée, with a milk base, is 
almost complete nourishment and is accept- 
able in Northern and Western Europe and 
in some parts of Southern Europe wherever 
milk soups fit into the food pattern. How- 
ever, in most of Southern Europe meat stock 
is the base for thick soups made with a 
variety of vegetables cut in pieces. There- 
fore a dehydrated vegetable stew made of 
precooked beans and peas, soybean grits, 
whole grains such as barley, dehydrated 
diced vegetables, plus brewers’ yeast and 
meat seasoning, is a product which may 
better fit the local food pattern and can be 
made to provide much the same food value 
as the soup powder. Paste foods are accept- 
able in nearly every country of Europe. A 
high protein spaghetti has been made with 
10 to 15 per cent of soybean flour and a small 
amount of egg replacing less than a fifth 
of the wheat flour. This product has good 
consistency, excellent flavor, and about 18 
per cent protein which is of better quality 
than would be provided by wheat flour 
alone. The same mixture may be used for 
quick breads, muffins, and pancakes. Each 
processed food which has been developed 
has been subjected to acceptability tests 
with groups of nationals in this country. 
Responsibility for this venture has been 
assumed by the Committee on Food Habits 
of the National Research Council. Accord- 
ing to Mitchell, the results of the tests to 
date have more than justified the trouble 
and expenditure involved and have been 
used as a guide in modifying specifications 
for processed foods now under consideration. 

If it becomes necessary to provide all the 
food to groups of refugees or to a city cut 
off from local supplies for short periods, a 
subsistence ration of food has been planned 
as follows: 


Grains (including flour and 


SS ont inti aay cieaters Kaw 11.0 oz. 
Paste food (spaghetti or mix).. 2.5 oz. 
Soup, stews, or pulses.......... 4.0 oz. 


Meat, fish, or cheese........... 
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Oil, lard, or margarine......... 0.5 oz 
Pr bcndeeensesunseseecendwen 0.5 oz 
eee reer ye ey 0.3 oz 
SG ncdeveeuls eis cvdadanbes aa 0.2 oz 


The nutritive value of this ration is ap- 
proximately 2076 calories: protein 81 g., 
fat 29 g., calcium 395 mg., iron 26.6 mg., 
vitamin A 751 1.v., thiamin 1768 micro- 
grams, riboflavin 849 micrograms, niacin 
7.1 mg., and ascorbic acid zero. Vitamin C 
may be provided by fortified lemon drops or 
some other carrier if not available from local 
sources. 

Special consideration has been given to the 
food needs of pregnant and nursing women, 
infants, children, workers, and invalids. In 
an early emergency extra calories, where 
necessary, and milk in some form for infants 
and mothers may be the most that can be 
provided. The extra vitamins essential for 
the other groups may be provided in some 
form of fortified milk or in synthetie form. 

While a number of other products which 
have been developed are at present available 
only for foreign distribution, certain of these 
seem definitely applicable for domestic con- 
sumption. These new products will ma- 
terially aid the war feeding program here and 
abroad, and it is hoped that some of them 
will remain as staples long after the war. 


Food Habits in Ancient Egypt 


We hear much about wars being caused by 
the hunger of the masses. Apparently food 
habits may occasionally also lead to war. 
Plutarch in his ‘Of Isis and Osiris’’ describes 
the constant feuds between the inhabitants 
of the city named Oxyrhinchus, after the 
fish by that name, and those of Cynopolis, 
whose sacred symbol was a dog. To the 
Oxyrhinchites the Oxvrhinchus was holy 
and could not be eaten. To the Cynopolites 
the dog was sacred and tabooed as food. 
The Cynopolites started the feud by eating 
an Oxyrhinchus in public. This was equiva- 
lent to our burning in effigy. The Oxy- 
rhinchites retaliated by eating a dog. The 
feud continued to grow and led to much 


bloodshed. 
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